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The Economie Value of Instream Flows for Recreation; A Contingent 
Valuation Approach (178 pp.)
Director: John W. Duffield
W ater is a scarce resource relative to the many consumptive and 
instream purposes to which it may be used. Information on the 
values people attach to their nonpriced river recreation and to 
varying levels of instream flow, such as exist in the case of 
most marketed goods, can be used to make more efficient decisions 
in the allocation of w ater between instream and offstream uses.
This research has focused on the task of imputing economic values 
to those non-consum ptive recreation benefits associated with rivers.
Two rivers in western Montana, the Big Hole and the Bitterroot, 
w ere studied. Contingent valuation models were estimated to 
explore the relationship between the level of instream flows and 
the value of the current recreation experience. A total recreation  
value model, incorporating the effect of flow on the quantity of use 
and the quality of the experience, was estimated for each river. On 
the Bitterroot marginal value ranged from $13.22/acre foot at 100 CFS 
to $.28/acre foot at 1600 CFS. Marginal value for flows on the Big 
Hole river ranged from $ 18.86/acre foot at 50 CFS to $.43/acre  foot 
at 900 CFS. These estimates of marginal value may potentially be 
used in determination of appropropiate w ater policy decisions.
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Chapter 1 
Statem ent of the Problem
1.1. Introduction
Increased recognition of the recreation, aesthetic and ecological benefits that 
stem from maintaining rivers and streams in a free-flov\/ing state has encouraged  
the development of public policy that preserves and enhances instream flows. In 
the Western U.S., institutions that govern water use were developed principally to 
provide and protect w ater for productive, offstream uses, including: agriculture,
mining, domestic use, and industrial processing. The demand for consumptive  
uses, requiring offstream w ater diversion, has increased nationwide (U.S. Water  
Resources Council, 1983). As a result, beneficial uses of water such as recreation, 
fish and wildlife maintainence have become threatened by diminishing instream  
flows in many rivers and streams. The allocation of w ater among competing uses 
has become an increasingly important public policy issue in the Western U.S.
Until recently the value of w ater for instream purposes had been all but 
ignored, compared to the emphasis policies had given to offstream purposes. 
Since 1969 Colorado, Idaho, Montana, Oaklahoma, and Washington have been 
among the states taking legislative action to recognize instream w ater use 
(Livingston and Miller, 1986). Pressures to provide realistic, empirical measures of 
recreation and preservation values of instream flows have increased. Recent 
economic research on instream flows has focused on the problem of imputing
7
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social and economic values to those non-consum ptive benefits associated with 
riverine systems.
1.2. Proposed Research
This thesis provides an empirical analysis of the economic value associated 
with recreational use of instream flows on the Bitterroot and Big Hole rivers in 
Western Montana. The techniques used will produce estimated values which are 
directly comparable to consumptive use values for the river water.
It should be noted that the economic value of free-flowing water resources 
encompasses more than just use values. Existence value may be generated from  
the satisfaction of knowing a free flowing river exists or is protected (Krutilta, 
1967). Option value may be associated with keeping future options or possibilities 
open. Bequest value stems from the knowledge that future generations will be 
able to enjoy the river. These intrinsic or indirect benefits of instream flow, 
although important, are not estimated in this study.
The specific study objectives include;
1. Valuation of alternative instream flow levels by site for the overall 
sample of direct users and for activity subgroups.
2. Estimation of the net economic value of river recreation for tw o sites 
for the overall user sample and separately for subgroups of recreationists.
3. Estimation of the net economic value of an annual instream flow  
reservation for recreation purposes.
4. Evaluation of the effect of alternative flow levels on the quantity of 
recreational use.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The major study objective of valuing alternative flow regimes for recreation 
use was motivated by the need to provide society with values for alternative uses 
of instream flows. W ater is a scarce resource relative to the many uses to which 
it may be put. As a result, society must make choices among the many alternative 
combinations of commodities that can be produced. The implicit criterion in 
making w ater allocation decisions is economic efficiency. This criterion requires 
that the w ater resource be allocated among competing uses in such a way that its 
net present value is maximized from the standpoint of the whole society. 
Information on recreation use values can be used in evaluating tradeoffs with  
marketed commodities in order to make informed w ater allocation decisions.
Previous instream flow  studies have determined the value of water for  
recreational use by analyzing either the effect of flow  on the quality of the  
experience (Daubert & Young, 1981; Boyle et al., 1987) or on the quantity of use 
(Narayanan, 1986; Neher, 1989). These may be term ed the quality and quantity  
effects of flow variation. This study approached flow valuation by focusing on the  
quality effect of alternative flows and on the combined quality and quantity effects.
The second objective was to  derive river recreation value estimates. These  
value estimates may also be used to identify the net effect of a water resource  
allocation decision. Determ ining the economic value of river recreation also 
provided a means of assessing the recreation value of instream flows. It was  
hypothesized that current instream flow conditions affect the value of the  
recreational experience. This correlation between current trip value and flow  
conditions may be explored in a model of current trip demand that incorporates  
flow as a covariate. The changes in net values for a recreation trip associated
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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with variations in instream flow levels (quality effect) were estimated in order to  
derive direct marginal values for instream flows for recreation.
The third objective was to explicitly value a whole year of instream w ater  
reservation for recreation purposes. An estimation of the amount of w ater needed  
annually for reservation was determined by comparing information on preferred  
flow levels to historical recorded flow levels. By using information on the total 
value of an annual trust fund for maintaining instream flows and preferred flow  
levels, an estimation of the direct and indirect average value for instream flow was 
obtained.
The final purpose stemmed from the recognition that alternative flow levels 
affect not only the quality or value of the recreation experience, but also the  
quantity of river use. In the final valuation of instream flows for recreation both 
the quality and quantity effects are considered.
In this analysis economic benefits for recreational users were measured in 
terms of net willingness to pay. Net willingness to pay, the net difference between  
the maxim um  amount an individual would be willing to pay before foregoing the 
use of the resource and the amount he must actually pay, is the appropriate  
measure of economic benefits in applied welfare economics (Just et al., 1982). In 
estimating the economic value of both marketed goods and nonmarketed  
resources, federal agencies are required by the U.S. Water Resources Council 
(1983) to use the concept of net willingness to pay in benefit cost analysis and the 
evaluation of federal actions.
The use of the net willingness to pay measure provides a theoretically  
consistent measure of the allocative impacts of policy choices (Duffield and Allen,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1987), The recreational value estimates developed in this analysis may be used to 
evaluate the tradeoffs with the value of water used for consumptive purposes 
(marketed commodities).
The two most widely used evaluative methods for estimating the net 
willingness to pay for environmental or nonpriced improvements are the 
contingent valuation method (CVM) and the travel cost method (TOM). The 
techniques differ in that the TOM relies on observed visit rates corresponding to 
travel costs from different origins surrounding the site. Unlike the TOM, the CVM 
has no link to market transactions making it a very flexible valuation technique  
(Bishop and Heberlein, 1985). Studies comparing the values estimated using the 
two techniques have shown that the estimates are within the same general range 
(Duffield & Allen, 1987; Duffield, Loomis & Brooks, 1987)
The CVM elicits the individual's willingness to pay for a specified level of a 
nonmarket good or service based on the existence of a hypothetical market 
situation. Information given to the respondent dealing with the current quality and 
quantity of the nonmarket good and subsequent benefits creates this hypothetical 
market. The respondent may then be directly asked his or her willingness to pay 
for improvements of the nonmarket good contingent upon the existence of this 
hypothetical market.
The CVM, specifically the dichotomous choice technique, was used for the  
estimation of recreationist's willingness to pay for instream flow reservation (direct 
use and indirect values) and for recreation trips (direct use values). With the  
dichotomous choice approach individuals were asked simply to respond yes or no 
as to their willingness to pay a specific dollar amount for a specified commodity.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Two specific dichotomous choice valuation questions were utilized in this study: 
onsite current trip valuation and onsite trust fund contribution for protection of 
instream flows. The commodities described were an increase in trip expenses and 
a membership in a trust fund for purchasing w ater to ensure adequate instream  
flow levels.
Using the dichotomous choice approach necessitates the use of econometric  
techniques for modeling discrete choice (Amemiya, 1981). Qualitative response 
models, including the linear logistic, logit and probit models, were developed to 
model functions in which the dependent variable is not continuous but instead 
bivariate.
A qualitative response formulation, logit, was used to study individual's 
willingness to pay for river recreation, where the dependent variable is the 
dichotomous pay or not pay a specified dollar amount increase in trip expenses, 
and willingness to pay for instream flows in which the discrete choice is to buy or 
not buy an annual membership in a trust fund. Even though the tw o valuation  
questions were both estimated with a logit qualitative response formulation, the 
interpretations of these equations differ. The onsite current trip question elicits 
valuation of the current trip; accordingly this is a marginal valuation with quantity  
of trips to the river thus far in the season as an explanatory variable. The trust 
fund questions are for total willingness to pay to protect instream flow over a year 
or recreation season. This may be interpretted as a total valuation function.
Rivers provide the opportunity for a wide range of recreational activities 
including fishing, boating, picnicking, swimming, camping, and other shoreline 
activities. Each activity may be dependent to a varying degree on the levels of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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instream flow. Since instream flows provide primarily visual aspects of non-  
contact recreation experiences, such as picnicking or other shoreline activity, those  
users may be relatively indifferent between alternative instream flow levels, except 
when the river is very low or extremely high (Daubert & Young, 1981). Floaters 
and fishermen, who are necessarily dependent upon adequate river flows, may be 
more willing to pay to ensure adequate flow levels remain instream.
By separating the onsite sample into subgroups identified by activity 
participated in, it was possible to determine if each subgroup had separate demand  
schedules reflecting the varying degree of dependence or demand for river flows.
Assessing the value of w ater for offstream uses is relatively straightforward  
given the availability of market data on the costs and benefits of water. In market 
situations goods and services are allocated in accordance with consumer  
preferences. In comparison the determination of the value of water for instream  
purposes is more difficult. It is a good for which a market does not exist to 
establish a measure of value. Developing techniques for estimating the values 
people attach to their nonpriced river recreation and to varying instream flows, 
such as exist in the case of most marketed goods, may lead to more efficient 
allocation of water between instream and offstream uses.
1.3. Expected Findings
It is expected that a logistic qualitative response model will be a useful 
formulation for examining the nonmarket values of instream flows and river 
recreation trips. The value (net) for a river recreation trip may vary depending  
upon the attributes of the individual, socioeconomic variables including income.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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age, and education, the quantity of trips taken per year, the type of activity 
participated in, the quality of the recreation experience and the price of the trip
The value of instream flo\A/s are expected to vary between groups of 
individuals organized according to the activity in which they participate. Activities, 
such as fishing and floating that depend upon adequate flow levels for 
participation, are expected to have a higher value for instream flows than those 
individuals involved in shoreline related recreation.
The values derived in this study using the contingent valuation dichotomous  
choice approach are expected to be comparable to those estimated using 
alternative valuation methods. The willingness to pay measures, although not 
perfectly accurate, may be close to the values derived by other methods such as 
the travel cost method or contingent valuation methods employing alternative  
valuation techniques including the bidding game, entrance fee, and open-ended  
approaches.
1.4. Thesis Organization
The remaining chapters of this thesis may be outlined as follows:
Chapter 2; Background and General Review of the Literature
This chapter briefly discusses the theory and techniques involved in the 
valuation of nonmarket commodities including a description of the  
contingent valuation method and the methological choices. Also included 
is a discussion of the alternative qualitative response models and the  
derivation of benefit estimates. Chapter 2 concludes with a review of 
past instream flow studies. The valuation methods employed and the  
estimates of instream flow value for recreation found in each of these  
studies will be discussed.
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Chapter 3; Theory and Methods; Qualitative Choice in the Recreation 
Market
This chapter contains a review of the utility theoretic functional forms of 
the logistic model for analyzing the value of instream flows and 
recreation and discusses the specifications that are consistent with 
demand theory. The parameters of the model that are expected to affect 
the individual's response to the dichotomous choice contingent valuation 
questions are discussed. The qualitative response model that will be 
used in the empirical analysis of recreation demand and instream flow  
demand will be developed. This chapter will describe the mathematical 
structure of the chosen model specification, the method through which 
the model parameters are estimated, the interpretation of estimated 
regression coefficients, the statistics used to evaluate the "goodness of 
fit" of the model, and the selection of explanatory variables for the model. 
The statistical methods employed in estimation of the parameters and the 
evaluation of the model will be discussed.
Chapter 4; Data and Outlier Analysis
A brief description of the Bitterroot and Big Hole rivers will be given in 
this chapter. The source of flow data for the Bitterroot and Big Hole 
rivers for the sampling dates and the survey methods used in the on-s ite  
data collection is explained. This chapter also discusses the detection of 
outliers in the data set.
Chapter 5; Estimated Equations and Relationships
This chapter provides a description of the physical setting of the study 
and an examination of how use and flow levels on the Bitterroot and Big 
Hole rivers varied over time. Using the model specification mentioned in 
Chapter 3 and the on-site data described in chapter 4, the model for 
recreation demand and instream flow demand will be estimated and 
presented. The interpretation of the estimated model will be discussed.
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Chapter 6; Benefit Estinnates
The net economic value per recreation trip for the onsite sample and the 
net economic value of instream flows for recreation purposes are detailed 
in this chapter. Comparisons will be made with the values associated 
with recreation trips and instream flows for recreation derived from other 
studies. This chapter also includes an analysis of the effect on consumer 
surplus measures associated with alternative flow levels. A discussion of 
the results and a brief summary of suggestions relating to future 
research will be made in the final chapter.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C h a p te r  2
Background and General Review of the Literature
2.1. Measuring the Economic Value of Nonm arket Commodities
This section discusses the theory and methods used in deriving appropriate 
measures of the economic value for goods that exist where no market is available 
to establish demand and price.
To determine the true values of nonmarket commodities a market that
operates to record prices and demands could be established where the
environmental attribute is actually purchased or sold. Schulze et al. (1981) point
out that the expenses of actually setting up and operating a market like this would 
be extreme. Excluding people from enjoying a public good or nonmarket resource  
unless they pay a specified dollar price would be impossible for many nonmarket 
goods such as clean air, scenic beauty, or other public goods.
As an alternative to establishing markets other evaluative methods may be 
employed. The travel cost method (TCM) is a widely accepted method for
estimating net willingness to pay measures for environmental or nonpriced 
improvements. The TCM finds its origin in Hotelling's 1949 work on valuing public 
park resources. Since his initial investigations the TCM has been applied in the 
valuation of a wide range of public goods and nonmarket commodities. The TCM  
requires information on actual market transactions. It relies on observed visit rates 
corresponding to travel costs from origins surrounding the site to infer the value
17
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of recreational opportunities. The travel costs include actual expenditures for 
transportation and other trip related items.
The other recommended technique for estimating the net economic values 
for nonmarket resources is the contingent valuation method (CVM). The CVM 
elicits the individual's willingness to pay for a specified level of an unpriced good  
or service based upon the existence of a hypothetical market situation. 
Information given to the respondent dealing with the current quality and quantity  
of the nonmarket good and subsequent benefits creates the hypothetical market.
2.2. Contingent Valuation Method: Literature Review
The contingent valuation approach has been used to generate willingness to  
pay functions for a large and diverse group of consumer goods. In particular, the  
method has been applied to a wide range of environmental and resource issues 
including water quality changes, valuation of air quality, measuring benefits of 
scenic beauty and aesthetic quality, determining preservation values of increments  
in wilderness protection and evaluating instream flow benefits (Desvousges et al, 
1983; Brookshire et al, 1982; Rowe et al, 1980; Walsh et al, 1984, and Daubert & 
Young, 1981).
Bishop and Heberlein (1985) describe six methological issues that must be 
addressed in any CVM: identification of the population whose values will be
estimated, product definition, payment vehicle definition, alternative valuation  
techniques for posing the contingent valuation question, methods of analysis, and 
supplemental data.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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2.2.1. Population Definition
Population definition or identification of whose values are to be counted is 
the initial step in a CV study. The user group is composed of individuals who  
actually use the good being valued (i.e. onsite river recreators). In the late 1970 s 
CVM's focus on benefit estimation was broadened to include "off-s ite" public good 
values (Loomis, 1987). These estimates of pure public good values, which m ay be 
held by the population in general, rather than just visitors, are termed intrinsic 
values (Fisher & Raucher, 1984).
Bishop and Heberlein separate intrinsic values into tw o broad categories, 
option values and existence values. Option value may be described as a premium, 
positive or negative, associated with uncertainty about future use of the resource. 
It is the value that people w ho are not current users place on the option to use 
the resource in the future. Existence value is the value people place on the 
knowledge that the resource continues to exist even though use is constrained to 
zero.
Krutilla's 1967 article on conservation economics marked the first conceptual 
work on existence values. Bishop and Heberlein (1984) used the CVM to estimate  
the existence benefits from reduced sulphur emmissions and argued that the 
benefits would be positive for reasons including: bequest motives, benevolence  
towards relatives and friends, sympathy for people and animals affected by 
environmental damage, and feelings of responsibility for environmental damages  
caused, for example, by using electricity generated by coal-f ired power plants  
(Cummings et al, 1986)
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2.2.2. Product Definition
To assure the validity and usefulness of contingent values, the good being  
valued must be carefully described to the respondent. Product definition involves  
a compromise between describing detailed, technical information about the good  
and conveying information to the respondent in terms that are easily understood. 
Past CVM studies have utilized photographs (Desvouges et a!., 1983) to help in 
describing various levels of quality. Verbal descriptions are the standard means of 
product definition.
A potential problem is that the quality and quantity of information given the  
individual may bias the response. Information bias is broadly defined as a 
potential set of biases induced by the test instrument, interviewee, or process, and 
their effects on the individual's response. Past studies have attempted to test for 
the existence of information bias. A general approach is to vary the level of 
information and test for benefit sensitivity. Rowe et al. (1980) examined  
information bias by giving groups of subjects information which differed in quality. 
Results indicated that if the individual was given sufficient information and their  
true bid exceeded the stated mean bid, they illustrated a form of classical fre e ­
rider behavior by bidding less than their maximum willingness to pay.
Randall et al. (1983) reject the notion of information bias arguing that such 
biases may be an illusion. Randall asserts that different information which affects  
either the rule by which the agency decides to provide the commodity or the rule 
that determines the payment to be exacted from the subject should affect reported  
willingness to pay measures. Such changes in information then result in effects  
on willingness to pay measures that are expected a priori. They conclude that 
such effects are not biases.
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2.2.3. Payment Vehicle Choice
A payment vehicle describes the means by which an individual would make a 
payment for a specified commodity or public good. In choosing the specific mode  
of payment in CV studies Mitchell and Carson (1981) describe tw o criteria to 
consider, realism and neutrality. CVM researchers have found that the more  
realistic the situation, including the payment vehicle, the easier it is for the  
respondents to give realistic values or give accurate responses.
In selecting a mode of payment in CV studies researchers consider which 
payment vehicle would most likely be employed if the commodity were to actually 
be provided. The payment vehicle must also be "neutral" in the sense that 
responses given by individuals reflect actual resource values and not reactions 
against the payment vehicle. For example, if a subject opposes paym ent of higher 
taxes, he may understate his willingness to pay for the environmental commodity  
due to the dissatisfaction with the method in which the payment would be made. 
The potential biases in willingness to pay measures associated with the choice of 
payment vehicle are termed vehicle biases.
How one identifies "neutral" or "unbiased" modes of payment is not apparent 
from the literature. Payment vehicles used in past CVM studies include: payment
via percentage increases in taxes, entrance fees, utility bills, hunting and license 
fees, and trip expenses. Hammack and Brown (1974) used increases in trip 
expenses as a payment vehicle to evaluate the tradeoffs between the nonmarket 
and market values for waterfowl and wetland areas. Bishop and Heberlein (1985) 
note that because respondents are familiar with paying expenses, trip expenses 
may be relatively neutral compared with other modes of payment such as taxes or 
increases in hunting or fishing license fees.
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Parallelling Randal et al.s argument that information bias does not exist, 
Kahneman and Tversky (1979) argue that the value of the good can not be 
separated from the procedures by which the commodity is provided and payment 
is made. They argue that differences in estimated values should be expected  
when alternative modes of payment are employed. Resulting effects on 
willingness to pay measures are not the result of biases due to the vehicle choice  
but should be expected a priori.
2.2.4. Question Format
Question formats for value elicitation procedures used in contingent 
valuation of recreation activities or environmental amenities include; iterative
bidding games, open-ended questions, contingent ranking techniques and 
dichotomous choice.
With the iterative bidding approach the respondent is given a bid and asked 
to respond yes or no as to his willingness to pay that amount to have access to 
the commodity or good. If the response is yes, the dollar amount asked is 
increased and the respondent again is asked to respond yes or no as to his 
willingness to pay. This process continues until a bid level is reached in which the 
response is "no". The highest bid level for which a "yes" response was received is
recorded as that respondent's maximum willingness to pay for the stated good. If
the initial response is "no" the bid level is decreased in increments until a bid level
is attained for which a "yes'" response is given by the respondent. This is 
considered his maximum willingness to pay.
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Past studies employing the bidding game approaches for valuing nonmarket 
goods include; scenic beauty along rivers, deerhunting permit studies, and sport 
diving around offshore petroleum structures {Cummings, Brookshire and Schulze, 
1986). Tw o concerns dealing with the bidding technique raised in the literature 
include social desirability bias (Dillman, 1978) and starting point bias. The former  
occurs when the respondent may allow themselves to be bid up beyond their true 
willingness to pay in order to please the interviewer or to appear to be more 
generous toward the particular cause being evaluated. Starting point bias occurs 
when the initial bid influences the final willingness to pay.
Boyle, Bishop and Welsh (1985) and Desvouges et al. (1983) conclude that it 
is possible to influence a respondent's willingness to pay over a substantial range 
by the choice of the initial bid. They suggest that CV studies using bidding 
techniques should include tests for starting point bias.
After the product is defined and payment vehicle described, the open-ended  
approach simply asks respondents what would be the highest dollar value or 
am ount they would be willing to pay for a specific good This is taken to be their 
maximum willingness to pay. The respondent is left to make a decision (devise 
maximum values) without any additional information on the subject, bidding, or 
other processes. Bishop and Heberlein (1985) note that because most people are 
unfamiliar with estimating the economic worth or value of environmental 
resources, without sufficient stimuli and information, respondents may not be able 
to place accurate values on these commodities.
A relatively new method, contingent ranking, asks respondents to rank 
various combinations of environmental quality and monetary outlays, individuals
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are asked to rank alternatives from the most preferred to least and values are 
inferred through statistical analysis of the rankings. Probabilities refect the 
likelihood that a typical respondent will rank one scenario over another (Bishop & 
Heberlein, 1985).
The d ichotom ous-choice technique involves asking respondents if they  
would pay a prespecified amount in order to enjoy the good in question. The bid 
levels asked vary systematically between different subjects. The respondent is 
given a single bid amount, and the response, as to willingness to pay that specific 
cash amount for the com m odity  described, is a simple market-like yes or no. The 
choice that the respondent actually makes is dependent upon the characteristics or 
attributes of the individual.
The dichotomous choice technique has been used in the valuation of hunting  
permits, the valuation of fishing, value assessment of boating and scenic beauty, 
reservoir recreation, beach recreation and preservation, and the valuation of 
instream flow levels for recreation (Bishop & Heberlein, 1979; Duffield & Allen, 
1987, Bishop et al., 1987; Boyle & Bishop, 1984; Sellar et al., 1985; Bishop & Boyle, 
1985; and Daubert & Young, 1981).
2.2.5. Analysis of Data
Analysis of data from  open-ended and iterative bidding techniques involves  
taking the mean of the maximum willingness to pay bids. An issue that must be 
addressed is the interpretation of extreme values given by respondents including 
zero bids and unusually high willingness to pay values. By asking zero bidders 
follow up questions it may be determined whether the respondent's true value of
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the resource is zero, whether the respondent is protesting against the valuation of 
the good, or w hether the respondent is simply unable to derive a value for the 
resource. Including extreme values in the data set or excluding them as protest 
bids has been, in the past, fairly arbitrary. More systematic assessments for 
identifying outliers have been suggested by Desvouges et al. (1983) and Edwards & 
Anderson (1984).
Unlike the iterative bidding or direct payment approach involving questions  
with continuous responses that can be analyzed using regression techniques, the 
response in dichotomous choice is a discrete variable. Analysis of data in the  
form of bivariate responses to specific bid levels requires the use of recent 
advancements in methods for modeling discrete choice (Amemiya, 1981).
2.3. Qualitative Response Models for Analysis of Bivariate Responses
In the dichotomous choice contingent valuation method the dependent, 
endogenous random variable takes only discrete values (yes/no, buy/not buy, 
jo in/not join, etc.). Application of linear regression models when the dependent 
variable is dichotomous rather than continuous is more complex. Early attem pts to 
model recreation activity choice used standard linear regression methods with a 
dichotomous dependent variable. The problems with this approach are well 
docurnented (Amemiya, 1981; Judge et al.. 1982).
A class of econometric models that are appropriate for predicting the 
probability of accepting an offer as a function of the explanatory variables are 
probabilistic qualitative response (QR) models. There are three common probability  
functional forms used in QR specifications; the linear probability model, the probit 
model, and the logit model.
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2.3.1. Linear Probability Model Specification
The linear probability model (IP) may be written in the following regression
form:
Y = a + b(X) ,
where Y is the dichotomous random variable defined as having the value of 
1 if an event occurs and 0 if the event does not occur, a is a constant, b's are 
coefficients on the X variables, and X is the vector of explanatory variables. 
Assuming that the probability of an event occuring depends on a vector of 
independent variable and a vector of unknown parameters, a univariate  
dichotomous model may be written as:
P = P(Y=1) = a + b(X) .
The dependent variable, P, may be interpreted as the probability the 
respondent will give a positive response to a given dichotomous choice question. 
Ordinary least squares (OLS) may be used to estimate coefficients of this model.
An advantage of the IP  model is its computational ease and 
straightforwardness. However, it is inappropriate for analyzing discrete choice for  
several reasons (Pindyck & Rubinfeld, 1981):
1) There is no guarantee that P, which is interpreted as a probability, will be 
constrained to the unit interval (0,1). Values of P outside of the unit interval must 
be artificially constrained by setting extreme predictions equal to one or zero:
a + b(X) when 0 < a + b X < 1
p = 1 when a + b X >  = 1
0 when a + b X < = 0
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The cost of these constraints are a reduction in the predictive ability of the model. 
An event may be described as occuring with a probability P=1 when it actually may 
not occur at all. Predictions obtained from the estimation procès may be biased.
2) The variance of the disturbance term is heteroscedastic. The variance of 
the error term  is not constant for all observations. Estimates of the b coefficients  
are consistent but inefficient if OLS is used.
3) Problems may also arise when observations in a given sample may be 
drawn excessively from attributes whose values are associated with extreme  
values of choice probabilities (0 and 1). This results in data bunching.
2.3.2. Probit and Logit Model Specifications
The logit and probit QR models partially resolve the difficulties associated 
with the LP model for modeling discrete choice. Each is based on a cumulative  
distribution function (CDF). The mathematical specification of each model and a 
discussion of the choice between the tw o models will follow.
One of the problems resolved by using either the logit or probit QR model is 
the constraint of the dependent variable to the unit interval. In order for P to be 
interpreted as a probability, its predicted value must vary within the (0, 1) interval 
over all attribute values of X which may range over the entire real line. Due to 
this limitation a suitable model choice will be one which incorporates a cumulative  
probability distribution function (CDF). Probability values in a CDF are 
automatically constrained within the unit interval. A cumulative distribution 
function is defined as having as its value the probability that an observed value of
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a variable X (for every X) will be less than or equal to a particular X. The range of 
the CDF is the (0, 1) interval, since all probabilities lie in this range (Pindyck & 
Rubinfeld, 1981).
The probit model employs the cumulative normal probability function while 
the logit model is associated with the cumulative logistic probability function. The 
specific models may be written;
P = F(a + bX) where F is the cumulative normal probability function for  
the probit model and the cumulative logistic probability function for the  
logit model, X is a vector of explanatory variables, and P is the probability  
of a "yes" given knowledge of X.
Probit Model 
P = 1/2 exp(-s2/2)ds  
Logit Model
P = [ 1 + exp(-(a + bX))]"’
Amemiya (1981) notes that a choice between the two models is unimportant 
because of their similarity. It is difficult to distinguish between them statistically 
unless one has an extremely large number of observations (Chambers & Cox, 
1967). The two distributions are very similar especially in the middle range of 
values for X, however, the logistic distribution has slightly heavier tails. Choice  
between the tw o  for univariate dichotomous choice models does not matter unless 
data are heavily concentrated in the tails due to the characteristics of the problem  
being studied.
Pindyck and Rubinfeld (1981) note that the theoretical justification for 
employing the probit model is often rather limited. The logistic CDF is similiar in 
form to the cumulative normal CDF but computationally more tractable. The logit
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QR model was chosen for this analysis because of its consistency with consumer  
utility maximization and ease of mathematical computation,
2.3.3. Estimation Techniques and Benefit Measures
Parameter estimates for the logit equations will differ depending upon the 
choice of statistical estimation method and the choice of welfare measures.
A logit equation may be estimated using maximum likelihood techniques or 
Weighted Least Squares which is a special case of Aiken's method of Generalized  
Least Squares. WLS with grouped frequencies is applicable when observations  
include many replications of the same choice, so that probabilities P's (and thus 
L's) may be estimated from observed frequencies of choice. The resulting linear 
model log(P/(1-P))=a + b X will be heteroscedastic.
Maximum likelihood estimation technique yields consistent parameter  
estimates (Pindyck & Rubinfeld, 1981) for logistic equations. Hanemann (1984) 
finds maximum likelihood estimation preferable to Generalized Least Squares  
estimation in the presence of zero proportions of acceptances for some offers. 
Maximum likelihood techniques are generally used for the estimation of the logit 
model of the log-linear form.
Once parameters of the logit model are estimated, a measure of welfare  
surplus may be calculated. Both the mathematical expectation (mean) of maximum  
willingness to pay and the median of the distribution (where the probability of 
acceptance equals .5) may be used as estimates of net willingness to pay. There  
is currently an unresolved debate in economic literature as to which measure is 
more appropriate.
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Hanemann notes that the mean is very sensitive to slight changes in the  
shape of the distribution that may be a result of different estimation methods or 
due to outliers in the data. Hanemann finds that the median is 'relatively robust'. 
Cameron {1988) suggests that the mean is a more appropriate measure of central 
tendency. Both the median and mean are reported in this study.
2.4. Review of Literature Directly Related to this Research
This section provides a description of three instream flow studies relevant to  
this study. Each differs according to the specific techniques and valuation  
methods they employed. The first study discussed was conducted by Daubert and 
Young (1981) and deals with estimating economic values of instream flows for  
fishermen, rafters and shoreline recreators The second study conducted by Boyle 
et al. (1986) employed the contingent valuation method in valuing river flows for  
instream purposes. The final work discussed is by Narayanan (1986). His valuation  
technique focused on the effect of flows on the quantity of use.
2.4.1. Daubert and Young
Daubert and Young employed the CV bidding game technique to derive the  
individual's value of w ater separate from the value of the related recreation  
activity. The tw o  payment vehicles used were a percentage increase in county  
sales tax on consumption expenditures and an increase in a hypothetical entrance  
fee.
The objective of their research was to directly estimate the recreationist's  
marginal economic value of instream flow on the Cache La Poudre River in
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Northwest Colorado. Their marginal value estimates encompass only the quality 
effect due to flow variation. Daubert and Young estimated the total and marginal 
willingness to pay for instream flows focusing on three activities: Trout fishing,
white  w ater boating, and shoreline recreation.
Based on a priori reasoning, they suggest that the total bid curve vill likely 
be nonlinear in relation to instream flow and might be shifted by socioeconomic  
characteristics of the respondent. In the case of fishing and shoreline regression  
equations, in the absence of congestion, this reasoning held true. Total willingness  
to pay increased at an increasing rate for flows between 0 -2 0 0  CFS (cubic feet per 
second) and increased at a decreasing rate up to approximately 500 CFS (700 CFS 
for shoreline willingness to pay), then finally decreased. In the white w ater  
recreation model total willingness to pay increased for all instream flow quantities.
Marginal value functions w ere derived by taking the first derivative of the  
total value functions with respect to flow rate. Daubert and Young compared  
these marginal values of flow for recreation to the marginal values of instream  
flow in alternative uses, specifically irrigation withdrawal. Results showed that 
during May, June and July when average monthly instream flow exceeds the 
optimum for fishing, recreation and crop irrigation were complementary outputs. 
They conclude that both fishing and crop production will be increased if storage  
and diversion upstream from fishing sites are increased. The authors also note 
that in order to satisfy the criterion of economic efficiency, where marginal 
economic values of instream flow for competing uses are equated, w ater managers  
should allocate more water to withdrawal uses until fishing and irrigation become  
competitive.
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For the average September instream flow, 105 CFS, the aggregate marginal 
fishing return equaled $10.54 per acre foot compared to the marginal crop return 
of $7.22 per acre foot. Daubert and Young concluded that in September water on 
the Cache la Poudre River may not be allocated in a manner that satisfies 
efficiency conditions.
2.4.2. Boyle, Bishop, Baumgartner, and Welsh
Another study on instream flow values that has employed the contingent 
valuation technique was conducted by Boyle et al. They analyzed the effect of 
Glen Canyon Dam releases on Colorado river recreation using actual trip and 
scenarios of unexperienced flow conditions. Their goal was to investigate whether  
scenarios of unexperienced environmental conditions are useful in eliciting 
statements of Hicksian surplus for either an enhancem ent or a degradation of a 
natural environment. They used the CV approach with two types of dichotomous  
choice questions: actual trip and scenarios. The value of instream flows for three  
groups of recreationists (whitewater, privately sponsored and private day-use  
rafters, and anglers) were identified using trip expenditure as the payment vehicle.
Respondents from each group would collectively experience a wide variety of 
river flows and responses to the actual trip valuation question could be used to 
develop relationships between river flows and estimated Hicksian surplus per trip 
(a flow value function). The authors were concerned that due to 1985's (the 
sampling year) unusually high flow, individuals in each group may not have 
collectively experienced a wide range of river flow. W hitewater recreators and 
Glen Canyon anglers w ere  also asked to value their trip at several alternative flow  
levels as described by the flow scenarios.
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Results showed a nonlinear relationship between surplus values and flow. 
For w h itew ater trips and privately sponsored trips the flow value function showed  
that Hicksian surplus per trip varied with the average flow experienced as well as 
with the type of trip, either commercial or private.
2.4.3. Narayanan Instream Flow Study
In estimating the value of instream flows for recreation purposes, Narayanan  
concentrated on the quantity of use changes associated with variations in the level 
of flows. Narayanan combined the travel cost approach with visitor survey 
information on the expected reduction in visitation corrresponding to hypothetical 
changes in instream flows. The technique was applied to the Blacksmith Fork 
River in Utah. Specifically, Narayanan used the TC approach to estimate recreation  
demand. Shifts in recreation demand corresponding to different instream flows  
were then determined through a survey. The survey asked respondents at what  
percentage of the present instream flow would they cease to visit the site for the 
entire season. Using this information hypothetical visitation rates for the 
population were constructed for various instream flow. From this data recreation  
demands were estimated for each flow  level and changes in benefits were then  
calculated.
Narayanan derived estimates of recreational benefits of instream flow. The 
total recreational benefit was estimated to be $8,064 for the study area. The 
marginal instream flow benefit was estimated to be $0.42/acre-foot. Narayanan  
notes that because the study was conducted in a normal year with average stream  
flow conditions, these estimates should be regarded as minimum estimates.
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Qualitative Choice in the Recreation M arket
3.1. A Probabilistic Qualitative Response Model for Recreation Trips and 
Instream Flows
The logit qualitative response model was chosen for this analysis of 
recreation choice behavior where the dependent variable is the dichotomous  
pay/not pay an increase in trip expenditure and buy/not buy a trust fund 
membership. As stated in chapter 2, three properties of the logit model make it 
particularly w ell-su ited  for modelling discrete choice: P (predicted probability) is
restricted to the unit interval for all values of the independent variables, by means 
of the logit transformation the logistics function may easily be converted to a 
convenient linear form, and the model is consistent with consumer utility 
maximization.
If it is assumed that the probability of an event occuring (an individual is 
willing to pay increased trip expenditures or is willing to pay for a trust fund 
membership) is a logistic function of the independent explanatory variables such as 
the bid amount (price), tastes and preferences, income, and other standard demand  
shifter variables, then the probability of a "yes ' response may be written as;
P= F(X) =[1 + exp(-(BO + B1X1 + B2X2 + ... + BjXj))]"'
( 1 )
34
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or
D —exp(B O  + B 1X 1 +  B 2 X 2  +... + B jX j) 
^  T + exp 'TB O  + B Î X 1  + :: + B iX il
where:
P= probability of acceptance.
F= cumulative logistics distribution function.
X= vector of explanatory variables.
B0= the constant.
Bj= jth model parameter (coefficients on the explanatory variables, 
except for the constant BO).
Similarly the probability of a "no" response to a dichotomous choice question  
may be written as a logistic function of the explanatory variables:
P(no) -  l -P (yes ) = [1 + exp(BO + B1X1 + ... + BjXj)]“ \
(2 )
The ratio of the probability of a "yes" to the probability of a "no" may be 
written in the following form:
P /( l -P )=  exp{80 + B1X1 + 82X2 + ... + BjXj).
(3)
Taking the natural logarithms of both sides of equation 3 yields a linear 
equation for the logit, L, which is the log of the odds of a "yes" response. L is 
unbounded and linearly related to the independent variables while the probability, 
P, is restricted to the (0, 1) interval and related to the explanatory variables (X ) by 
a logistic function. The equation to be estimated is a linear logit specification and 
may be written:
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L- log (P / ( l -P ) )  = BO + 81X1 + ... + BjXi.
(4)
If it is assumed that responses are the outcome of a utility-maximizing  
choice by the individual recreator, Hanemann (1984) states that the specific linear 
logit formulation in (4) is consistent with the utility maximizing hypothesis. 
Hanemann has shown that the fitted binary response model provides utility- 
theoretic measures of the money value of a resource. Sellar, Chavas, and Stoll 
(1986), however, found that the linear logit specification is inappropriate in 
modelling demand because it implies an upward sloping demand curve with  
respect to price (i.e. bid level).
Another logit model specification discussed in literature is a log formulation. 
The specific log formulation may be given by:
L = Ln (P / ( l -P ) )  = BO + B lln (X I)  + ... + Bjln(Xj).
(5)
Hanemann notes that this alternative form is not compatible with any explicit 
utility model. The log formulation in (5) may be rewritten to make the vector of 
explanatory variables explicit (i.e the values may be computed directly):
L = Ln(P/(1-P)= a + b I X I  + b2X2 + ... + bnXn.
( 6 )
The explanatory variables consist of the typical demand shifter variables. 
Sellar, Chavas, and Stoll found that the log -linear specification (6) is more
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appropriate in term s of meeting the theoretical restrictions required for a 
downward sloping demand curve. Given these findings, the logit model of the 
log-linear form was chosen to be estimated for this study.
3.2. Choice of the Explanatory Variables and M odel Specification
This section discusses the explanatory variables which are expected to affect 
the probability that an individual river recreator will accept or reject paying 
additional trip expenditures. The variables that may affect the recreator's 
willingness to pay a specified dollar amount for an annual trust fund membership  
for the purpose of purchasing w ater for instream purposes are also presented. 
Using the log -linear specification of the logit model, a model for recreation  
demand on the Bitterroot and Big Hole rivers and a model for instream flow  
demand of recreators on the two rivers are proposed.
The choice of explanatory variables to use in this analysis depends on the 
phenomena being modelled. Two dichotomous choice contingent valuation  
questions are used in this study to derive demand for current trip and demand for 
instream flows. Demand theory provides guidance for the choice of appropriate  
explanatory variables.
As in any economic model of demand, the CVM estimates will be improved  
by including at least the typical demand shifter variables. These variables include 
the price of the good and availability of substitutes, the quantity consumed, the 
quality of the good, income and measures of tastes and preferences.
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3-2.1. A Model for Bitterroot and Big Hole Recreation Demand
For the current trip CV the vector, X, includes explanatory variables which 
significantly affect the probability an individual would be willing to pay a specific 
dollar amount for the current trip. The parameters may include the specified price 
for the current trip (dollar increase for the current trip), the quantity of recreation 
trips taken to the site, socioeconomic variables (such as income, age, education, 
residence, sex of the respondent, etc), and the quality of the recreation trip. All of 
these factors which may significantly add to the explanatory power of the model 
for valuing recreation.
Presumably, an individual's willingness to pay for an increase in trip expenses  
is directly related to the bid amount asked. As the bid level (price) increases, the 
probability of acceptance is expected to decrease.
The quantity of trips taken to the particular site by the individual may affect 
the probability of a "yes" response. It is assumed that current trip demand is 
negatively correlated to a measure of the quantity of trips taken so far In the  
season. A person, who has taken a large quantity of trips thus far to the site, may  
have a lower probability of paying the increased cost for the next recreation trip. 
Conversely, a person, who has taken fe w er  trips to the site in the season, may be 
more willing to pay the price. The hypothesized relationship is that as the number  
of trips taken increase, the probability the respondent will be willing to pay more  
for the current trip decreases. Sellar, Chavas, and Stoll (1986) have shown that the 
estimated coefficient on the variable representing quantity of trips must be 
negative and have an absoulute value less than one.
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Quantity descriptions of the current trip such as hours spent on the river 
today and days spent on the current trip should be related positively to an 
individual's willingness to pay more for the trip. It is hypothesized that the longer 
the tim e spent at a particular site, the greater the recreationist may value the site 
and the recreation experience.
The quality of the recreational experience may be affected by many factors 
including: the tim e of year, weather conditions, flow levels, trip purposes,
measures of trip success, and individual tastes and preferences concerning trip 
quality. This study assumes that the effects of varying flow are transmitted to 
recreators primarily through changes in the quality of the experience. The 
relationship of the current trip CV responses and the actual flow level of the river 
may differ depending on the type of activity participated in, how dependent the 
activity is on levels of flow, and on personal preferences.
Income of the individual may also affect willingness to pay more for the 
current trip. It may be argued that the greater the individual's income, the more 
probable the person would be willing and able to pay additional expenditures for 
the current trip. Conversely, the lower the income level of the subject, the lower 
the ability to pay more for the trip. So as income increases, the probability of 
acceptance increases.
Using the linear-log it formulation and assuming a nonlinear relationship with 
respect to the flow variable, the model for recreation demand may be written:
P.=[1+exp(-(B0 + B1 FLOW -  B2 FLOW^+ 83 Y -B4 Q - 8 5  BIDT))]"'
where:
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Pi = probability of a "yes" response for bid level i.
FLOW= a flow variable, either CFS or stage height in feet.
Y = estimated income of the individual.
Q = quantity of trips taken per year.
BIDT= the dollar amount increase in trip expenditures. 
exp{X)= e^ (approximately equal to 2.718).
The basic logistic regression model may be reparameterized to identify an
inverse Hicksian demand function for recreation trips that incorporates flow and
other explanatory variables as covariates. This willingness to pay relationship with
flow, WTP(Flow), may be used to estimate the total and marginal values of
instream flows for recreation.
Cameron (1988) first introduced the reparameterization of the logit model
that results in an inverse Hicksian demand function based on the median of the
distribution (P=.5).
Ln(P/(1-P))= a -  brin(W TP) + {[.^^^^"(Xi) (7)
WTP= exp(a/b1) *  (8)
where a is a constant value, b1 is the coefficient on the bid variable, and bi s 
are the coefficients on the explanatory variables, Xi's. Equation (7) shows the  
basic logistic regression equation with WTP representing the bid level. Equation 
(8) shows the reparameterization of equation (7) based upon the median of the 
distribution.
Duffield (1989) generalized the reparameterization to hold for any percentile
of the distribution, p \  Equation (9) shows the reparameterization with flow
included as an explanatory variable.
WTP I p=̂  = exp(a/b1) (pV(1-p=^))'^^^’ * F L O W ^ ^ / b i  J^^n^bi^ln(Xi) (9)
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where p* is given by;
p* = 1/(1+ exp(-(a  + bl-^lniWTP) + ^^j^gbi^lnlXi)) 
and
WTP = E(WTP) = a + b r in (W T P )  + J ,r2 bi''^ln(Xi) dWTP.
3.2.2. Total Recreational Benefit Model with Quantity and Quality Effects of Instream  
Flow
The current level of river flows not only affects the quality of the recreational 
experience, but also the level of recreational use. These effects may be termed  
the quality and quantity effects on benefits due to changes in the flow level. The 
direct quality effect may be measured by incorporating actual daily flow into the 
current trip logistic regression model. The quantity effect may be estimated by 
developing a daily use model which includes the daily flow level as an explanatory 
variable.
Duffield (1989) introduced a model of total recreational value that measures
both the quantity and quality effects of current instream flow conditions. The
model he describes includes the main effects of flow on total recreational benefits; 
T = Q(F, Z) * W(F, q(Q(F,Z), Y), X)
w here T is total recreational benefits, Q(F,Z) is recreational use per day, and W(.) is 
an inverse Hicksian demand function derived from the basic logistic regression 
equation for current trip value. W(.) has the interpretation of consumer surplus (i.e. 
mean, median) per individual-day. Z. X, Y are vectors of explanatory variables and 
q is quantity demanded (days).
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Narayanan (1986) developed a quantity of use per day function of flow with a 
logistic specification. His model relates the probability of daily use reaching the  
observed maximum use day to the level of flows. One problem with this 
specification is that it implies that the quantity of use asymptotically approaches a 
maximum as the level of river flow rises to infinity.
A more appropriate specification, which reflects the fact that very high flow  
and very low flow levels will negatively affect some activity use, would be a 
second or third order polynomial in the flow variable. This specification would
also allow the identification of an optimal flow level for recreational use at the
site. The quantity of use model may be written;
Q(F,2) = a + b1 FLOW -  b2 Flow^ + ^jf^bi Xi
where a is a constant value, b1 and b2 are coefficients on the flow variables, bi s
are coefficients on the explanatory variables, Xi's, that significantly effect the level 
of daily use. These variables may include dummy variables for weather, hatches, 
or congestion at the site.
The total derivative of T with respect to flow  is equivalent to the marginal 
value of instream flows for recreation. This derivative may be written:
dT/dFlow = W] + [ Q l â  '
The first term  is the quantity effect in marginal terms. The second term  is 
the quality effect in marginal terms.
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3.2.3. Explanatory Variables & Model Specification for Trust Fund Demand
Different assumptions are made in selecting the appropriate explanatory  
variables for the analysis of the demand for instream flow. The vector of 
explanatory variables, which affect the probability of acceptance, differ slightly 
from those used in the analysis of current trip demand.
Similar to the above discussion, it is assumed that an indirect relationship 
exists between the specified price for an annual trust fund membership for 
purchasing water for instream purposes and the probability of acceptance. As the 
price for the good increases, the probability of acceptance decreases.
As the quantity of trips taken per year increase, the probability the individual 
is willing to pay for instream flows is expected to also increase. This hypothesized  
positive relationship stems from the assumption that individuals who spend more  
time at the river may pay more for the assurance of adequate flows. They may 
have a higher value for flow levels.
The income level of the respondent is also expected to be positively related  
to the probability of purchasing an annual trust fund membership. As stated 
above, the greater the individual's income the more conceivable that person will be 
able to pay for an annual membership fee. The lower the income level, the less 
likely that person will be willing and able to pay for a trust fund membership and 
the lower the probability of acceptance.
The specific model for instream flow demand by river recreators may be 
expressed with a linear-logit formulation as follows:
P = [ 1 + exp(-(BO + B1 Y + B2 Q  -  B3 BIDF))] '
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where;
P = the probability of a positive response to the trust fund CV question 
Y = estimated income of the individual 
Q = the quantity of trips per year taken by the individual 
BIDF= The price asked for a trust fund membership
3.3. Param eter Estimation
A problem arises when standard regression procedures are applied in the 
estimation of the parameters of the model. Standard regression techniques require 
observations on both the dependent and independent variables. Although the 
regressor, X., is observable, the values of the dependent variables, Pj, are not 
observed; instead observations on Y. consist of information on whether each 
respondent selected the first choice or the second (buy/not buy a trust fund 
membership; pay/not pay more for the trip). Y=1 if the first choice is made and 0 
if the second choice is made.
It is inappropriate to estimate the dependent variable, Log(P/(1-P)), directly 
with ordinary least squares estimation because P may equal 0 or 1 which would  
make the odds, P /(1-P), equal to 0 or infinity and make the logarithm of the odds 
undefined. Correct estimation of the logit model for a sample that includes 
repeated observations for each value of the explanatory variable requires grouping  
subjects. In this analysis the subjects are grouped according to the bid level 
asked in the survey for each CV question.
For i different values of X (Bid level), there may be n individuals asked that 
bid level, and r number of times the first alternative (a "yes" response) was chosen
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by the ith group of individuals asked that value of X. The logit model may be 
estimated by utilizing an estimate of the probability of a given choice for each 
group of identical individuals. Specifically, P. may be approximated as:
P, = n
Variable r represents the number of "yes" responses to bid level i, and n is 
the total number of subjects asked the ith bid level.
The logit probability model may be estimated in the following form:
L = tog^^p= log/rj";„f log(r/(n-r)) = BO + B1X1 + ... + BjXj (4)
3 3.1. Maximum Likelihood Estimation Technique
In estimation of the model, the objective is to select parameter estimates of 
constant a and the coefficients, b '̂s, which make it most likely that the logit model,
P = [ 1 + exp ( -  (a + b|X|)]'i 
gave rise to the observed pattern of responses (Y )̂ given observations on the  
independent explanatory variables X.. Pindyck and Rubinfeld (1981) note that the 
appropriate estimation technique, when using either the probit or logit model with  
individual observations, is that maximum likelihood estimation. The maximum  
likelihood method chooses among all possible combinations of estimates of the 
parameters a and b. those values which make the probability of obtaining the 
observed pattern of responses (given X) as large as possible.
The technique involves first estimating the joint probability of obtaining all 
the observed Y values (given X) for each possible combination of a and b. s. The 
parameters, which maximize the joint probability of the observed sample values, 
are chosen as the estimates (Koutsoyiannis, 1977).
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The parameter estimates derived using the maximum likelihood technique are 
asymptcticallv normal, so the analog of the regression t test can be applied 
(Pindyck and Rubinfeld, 1981). The maximum-likelihood method yields an estimator  
which is consistent, asymptotically normally distributed and asymptotically efficient 
(Theil, 1971).
Either the median of the distribution or the mean (expected value) of the  
maximum willingness to pay may be interpreted as a measure of compensating  
(equivalent) variation for willingness to pay (accept) surveys of welfare  
improvement.
Once the parameters of the logit model are estimated, both the mean of the  
maximum willingness to pay and the median of the distribution will be reported as 
measures of welfare surplus. The equations, expressing the log of the odds of 
acceptance as a logistic function of the explanatory variables, may be evaluated at 
the means of the untransformed independent variables to estimate a bivariate 
equation with the probability of acceptance, P, as a function of the bid level X:
P= (1 + exp(a + b X )) \
This may be graphically displayed with P, the probability of acceptance, on the y 
axis and bid level (X) on the x axis.
As shown the probability of acceptance declines as the bid level increases. 
The function asymptotically approaches zero at high bid levels. The median of the 
distribution may be estimated from the bivariate equation by allowing P to equal .5 
and solving for the bid level. The estimation of expected value or the mean for a
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0
X max
Figure 3-1: The Logit Model 
close-ended contingent valuation model based on a continuous CDF involves the 
integration of the bivariate equation from  zero to an upper limit.
The mean may be interpreted as probability multiplied by the associated bid 
level, which corresponds to the area under the two dimensional curve displaying 
probability as a function of the bid amount. Duffield and Allen (1988) suggest two  
upper limits of integration that may be used in the estimation of the mean. The 
maximum bid level used in the sample may be an appropriate upper limit of 
integration since extrapolating beyond this bid level is inappropriate on statistical
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grounds. The other upper limit Duffield and Alien suggest is the maximum bid 
level for which a "yes" response was received in the sample. This integration  
choice is appropriate since it provides an indication of the sensitivity of the 
estimated benefits to the methodological choice.
Duffield also notes that, if benefits are not sensitive to the upper limit, then
choice of integration level is not a problem. However, if benefits show sensitivity 
due to the choice of the upper limit of integration, this may indicate the need for a 
larger number of high bid levels in order to establish a clear bid level at which  
probability of acceptance falls to zero.
Duffield and Patterson (1989) suggest an alternative method for estimating  
expected values in dichotomous choice contingent valuation studies. They note  
that in most analyses bids are not varied continuously at the individual level, but 
instead, the responses are aggregated on a set of fixed bid levels. Using a 
numerical methods algorithm based on trapezoidal approximation, they calculate an 
estimate of the mean directly from the point probabilities associated with each 
level of the bid variable. The estimated mean, therefore, is equivalent to the area 
under a p iece-w ise linear function fitted to the empirical distribution. They also
dem onstrate how the variance of the mean may be identified as the variance of
the weighted sum of random variables.
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Chapter 4 
Discussion of the Data 
4.1. Introduction
This chapter begins with a physical description of each site and summarizes  
how river recreation activities varied over the sampling period. The contingent 
valuation study design applied in the onsite interviews of Big Hole and Bitteroot 
river recreators is described. The onsite surveys were conducted from May 1, 
1988 to August 26, 1988. The sample size consisted of 330 interviews on the 
Bitterroot and 590 interviews on the Big Hole river. Appendix A contains a detailed  
description of the data format, variable definitions, and copies of the onsite  
surveys. Appendix B contains information on the specific dates and the  
corresponding number of surveys gathered. The analysis of the survey data was 
performed on the Digital Equipment Corporation VAX Mainframe computer at the 
University of Montana. The statistical packages used were SPSSx and S.
4.2. Site and Data Collection
Direct use values for instream flows and river recreation were estimated
from the information collected through onsite interviews of river recreators on the
Big Hole and Bitterroot rivers.
Both rivers are located in western Montana. Seasonal variation was
sufficient on each river to allow onsite surveying to take place at a variety of flow
levels from above to below historical average.
49
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The Big Hole River is subject to very severe irrigation withdrawals. The river 
is not dam -contro lled. Interviews were taken at a variety of flow levels. The Big 
Hole begins flowing in a northerly direction near the border of southwest Montana  
and Idaho. The river may be divided into three sections. The upper section  
extends form the town of Jackson to the community of Wise River. Most of the  
land bordering the river in this section is privately owned ranchland. Below  
Jackson the river is small. As it flows, tributary streams add water so that by 
Dickey Bridge, tw o  miles West of Wise River, the Big Hole river is 4 0 -6 0  feet wide  
making floating possible.
The majority of the interviews were gathered at sites in the middle section  
of the river running from Wise River to Glen. The Wise river is a major tributary of 
the Big Hole. Their confluence is at the town of Wise River. In the middle reaches 
of the Big Hole w ater flows at a much faster rate than in the upper reaches. Near 
the com m unity of Dewey the valley narrows into high canyon walls. The river 
flows parallel to  Highway 43 from Wise River to Divide. The river flows through  
the rocky, narrower portion of the canyon centered at Divide and extends through  
Maiden Rock Canyon. The narrow valley begins to open up below Melrose to the  
south. From Divide to Melrose the best way to access to river is by boat.
The low er section of the river extends from the town of Glen to the  
Jefferson River, This section of the river flows through ranchland and barren hill 
country. In August irrigation withdrawal creates a problem of high w ater  
temperatures in this section which dmay adversely affect the trout populations.
The eight hour interview day was split between essentially nine sites in the 
upper and middle sections of the river. Surveys were conducted at Dickey Bridge,
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Jerry Bridge, Dewey, Divide Bridge, Divide Camping and Fishing Access, Maiden 
Rock Bridge, Salmonfly Access at Melrose, Brown's Bridge Access and Glen Fishing 
Access.
During the spring runoff of May and June the salmonfly hatch occurs. 
Hundreds of fishermen, both floating and shoreline, are attracted to the Big Hole 
river at this time. The hatch moves upstream 3 - 5  miles per day. During the 
salmonfly hatch two interviewers collected data due to the increased fishing 
pressure.
The Bitterroot river extends 85 miles from its headwaters near Conner, 
Montana north to its confluence with the Clark Fork River near Missoula, Mt. It is 
within the middle reaches of the river from Hamilton to Stevensville that the onsite 
surveys were collected. This is an area of islands and braiding. During h igh-w ater  
months the channel is subject to heavy run-off making the banks unstable.
This middle section of the Bitterroot River is also affected by irrigation 
withdrawals during lo w -w ater  years and/or when irrigation d raw -dow ns severely  
deplete water levels and raise w ater temperature. After the ru n -o ff  of late May  
and early June, the section of the river extending from Woodside bridge to 
Stevensville is affected by irrigation demands.
In 1985 and 1986, despite supplemental releases of water from Painted Rocks 
Reservoir into the Bitterroot River, minimum flow recommendations in the 
dewatered section during years with low stream flow had not been met. It is
within this dewatered section from Woodside bridge downstream to Stevensville  
bridge, that onsite surveys were taken. Interviews were conducted at four fishing 
accesses along the Bitterroot including Stevensville Bridge, Bell Crossing, Tucker
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West and Woodside Bridge. During the interview day tw o hours were spent at 
each access with the time of day varying. This was to assure that the sampling 
done at each site occured at various times of day. Only one interviewer collected  
data on the Bitterroot River.
Often it was possible to interview all recreators encountered on the 
Bitterroot, especially during lower flows, bad weather or during weekdays. When  
the sites were more crowded, the people chosen to be interviewed were randomly  
selected. Bank fishermen, people fishing and floating, floaters who were not 
fishing, and shoreline recreators answered the questionnaire. Shoreline recreators  
included individuals who were swimming, picnicking, sightseeing, or hiking. The 
actual number of people interviewed ,N, in each of these recreation groups and the  
percentage of the total sample for each group. Percent, are displayed in taole 4.1. 
Table  4-1: Onsite Sample Size by Activity Type
Fish
Fish Fish Float Float
River Shore Fish Float Float Camp Camp Camp
Bitterroot
N 138 65 42 18 6
Percent .513 .242 .156 .067 022
Big Hole
N 41 132 179 26 78 71 3
Percent 077 .249 ,338 ,049 .147 .134 .06
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4.3. River Recreation Activity
The Big Hole and Bitterroot rivers offered the opportunity for a wide range of 
recreation activity. Participation in the various river recreation activities depended  
to varying degrees on the level of flows in the river. Activities involving direct 
contact with the river flows, such as floating and fishing, could only be 
participated in when adequate flows remained instream. Participation in recreation  
that did not directly involve river flows, such as picnicking and hiking, was not as 
limited by the level of river flows. A possible exception was when flows were  
extremely high making access dangerous or extremely low, affecting the visual 
aspects of shoreline recreation.
Approximately 93 percent of the visitors to the Big Hole for recreation were  
involved in fishing activities, either fishing from the shoreline and wading or 
fishing from a boat. The Bitterroot sample included a smaller percentage of fishing 
activities. Approximately 40 percent of the Bitterroot river recreators participated  
in fishing activities while a greater percentage, 60 percent, were involved in 
shoreline recreation. The Bitterroot river is surrounded by many small 
communities including Stevensville, Victor, Corvallis, Hamilton, and Florence. The 
Big Hole river, on the other hand, is surrounded by ranchland, hay fields, and a few  
small communities such as Wise River, Divide, Melrose, and Glen Because of its 
proximity to local communities the Bitterroot river receives a greater influx of 
people seeking the opportunity to relax and swim near the river's shoreline.
In order to access the effect of f low levels on fishing recreation on the Big 
Hole and Bitterroot rivers, individuals w ere separated into two categories: fishing
involving floating and shoreline fishing.
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Depending on the flow levels, the fishing methods used on the Big Hole 
varied. The type of boat used while fishing also was affected by the level of flows. 
From May 14 to May 30, 68 percent of the fishermen (51 subjects) on the Big Hole 
fished from either driftboats (14 people) or rubber rafts (37 people) while the 
remaining 32 percent (24 people) were shoreline fishermen. On the sampled days 
between June 5 and June 26, there were a total of 157 floating fishermen and 80 
shoreline fishermen interviewed. These made up 66 and 34 percent of the fishing  
activities. Rubber rafts seemed to be the boat of choice for anglers on the Big 
Hole river. Thirty eight percent (68 people) used driftboats while 62 percent (97 
people) used rafts. The disparity in these percentages may be due to the fact that 
rafts have a relatively low profile in comparison to the high bow profile of some  
drift boats and may be floated throughout the season on the Big Hole.
The salmon fly hatch in m id-June attracted fly fishermen to the Big Hole.
From June 10 through June 22, 73 people fished the salmon fly hatch, 22 fished
the stone fly and 6 fished the cadiss fly.
In July, there was a change in the percentages of fishing activity types on
the Big Hole. Seventy-three  percent of the sampled fishermen fished from the
shoreline, while only 27 percent fished from a boat (13 rafts and 1 driftboat). The  
flow levels had dropped to 131 CFS (recorded on July 19) which limited the use of 
driftboats and rafts. All fishing activities in August were done from the shores of 
the Big Hole river
Approximately 105 people interviewed on the Bitterroot river were involved in 
fishing activities, either floating or shoreline fishing. From those sampled 63 
percent of the individuals (66 people) fished from the shoreline while the remaining  
37 percent (39 people) fished while floating.
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The boat of choice on the Bitterroot was the rubber raft, 12 interviewed in 
May, 11 in June and 13 in July. No canoes w ere  used in May due to high waters  
from the spring run-off. Five canoers were interviewed in June and five in July. 
Two people canoeing were interviewed during the four sampling days in August. 
Only three respondents were using driftboats, one in May and two in July. The 
person interviewed on July 23 commented that the flows were not adequate for 
floating the driftboat. Intertubes were also used to float along the shoreline by 
shoreline recreators. After July 12 all com m ents about flow level adequacy  
indicated that flows were too low. At that tim e it became necessary to walk 
rubber rafts and canoes over some stretches of water.
Shoreline recreation on the Big Hole included camping, hiking, watching  
wildlife, and picnicking. Only 28 people were classified as shoreline recreationists. 
These individuals visited the river throughout the sampling period at all levels of 
river flow. The level of instream flow did not appear to dictate when noncontact 
recreation occured on the Big Hole. Shoreline recreators seemed relatively  
indifferent to flow levels in choosing when to visit the Big Hole river.
Approximately 50 percent of the total Bitterroot sample were involved in 
shoreline recreation. Of the 138 shoreline recreators interviewed the types of 
activities varied from swimming and wading to picnicking and camping.
Floating activities, not involving fishing, such as canoeing, kayaking, rafting or 
intertubing, made up 5 percent of the Big Hole sample. Twenty six total subjects  
floated on the Big Hole throughout May, June and July with the last one appearing  
on July 19.
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Approximately 6.5 percent of the Bitterroot sample (17 subjects) were floating 
canoes and rafts for recreation. Only tw o floaters were interviewed in May, both 
used rafts. Six people floating, five in rafts and one in a canoe, were interviewed  
in June. Five rafters and three canoers were interviewed in July.
4.4. Flow Data
Flow data for the Big Hole and Bitterroot rivers was made available through  
the U.S. Department of the Interior, Geological Survey, in Helena, Montana. Flow 
data was recorded as the average gage height in feet and discharge in cubic feet 
per second (CFS) for each day. Flow information was collected from tw o recording 
stations on each river: Darby and Bell Crossing were the first and second stations 
on the Bitterroot river; Melrose and Wisdom were the first and second stations on 
the Big Hole River. For each river, the variable names for discharge and gage  
height were DSCHRG1 and STAGE 1 for the first station and DSCHRG2 and STAGE2 
for the second. The following discussion contains information on flow levels in 
each river over the sampling period. Graphs are included showing how flow levels, 
DSCHRG1, DSCHRG2, STAGE!, and STAGE2, varied between May and August on 
each river.
Historical flow data records an average discharge level for 45 years of 936 
CFS on the Bitterroot river near Darby. Extremes for the period of record are a 
maximum and minimum discharge of 11,500 CFS (May 1947) and 71 CFS (February, 
1939). Average discharge at the Melrose station on the Big Hole river for the  
period of record from 1923 to the current year was 1172 CFS. 14,300 CFS (June 
1972) and 49 CFS (August 1931) were the maximum and minimum observed  
discharge levels during this tim e period.
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The figure below displays how discharge and gauge height fluctuated during 
the sampling period from May 14 to Aug 26 at the Wisdom recording station. On 
the dates sampled flows fluctuated from 362 CFS {May 14) to 193 CFS (May 22) 
back up to 278 CFS (May 30) with an average discharge level of 295 CFS On the  
dates sampled in June flows decreased from 300 CFS (June 4) to 42 CFS (June 26). 
June average discharge was 201 CFS. Flows continued decreasing in July from 30  
CFS on July 6 to 19 CFS on July 21. In August the Big Hole experienced very low  
discharge levels. On August 3, 1.5 CFS was recorded. By August 25 the discharge 
level had dropped to 12 CFS Average discharge at the Wisdom station dropped  
considerably in July and August when the discharge was recorded as 21.3 CFS for  
July and approximately CFS for August.^
Gauge height at the Wisdom station followed the same pattern of initial 
increase in flows then decrease. Gauge height fluctuated between 3.79 feet to  
3.07 feet in May with an average of 3.61 feet. A gauge height of 3.65 feet was  
recorded on June 4 decreasing to 2.85 feet by June 30. The average stage height 
in June was 3.26 feet. In July gauge height decreased from 2.7 feet on July 6 to  
2.3 feet on July 30 with an average stage height of 2,6 feet. Gauge height 
continued to decrease through August at the Wisdom station from 2.28 feet 
(August 3) to 2.16 fee t (August 29).^
^From A u g u st  2 8 -3 1  d is c h a rg e  w as  reco rd ed  as 0 CFS at the W is d o m  station. A m e a n  v a lue  w a s  
not c a lc u la te d  by th e  g eo lo g ic a l  survey.
^G aug e  h eig h t  w a s  not  reco rd ed  on A ugust  3 0 -3 1 ,  an a p p ro x im a te  m e a n  v a lue  w a s  c a lc u la te d  f r o m  
given  in fo rm at io n .
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From data collected at the Melrose recording station the similar pattern of 
initial increase in flows followed by a steady decrease in discharge and guage  
height was found. May discharge levels iinitially increased from May 14 to May 31, 
from 1960 CFS to 2990 CFS, with an average discharge level of 1843 CFS. Guage 
height also increased during the month of May from 3.08 feet (May 14) to 3.69 feet 
(May 31). From June 4 to June 30 discharge levels decreased from 2650 CFS to 
627 CFS. The average June discharge was 1543 CFS. June guage height at 
Melrose decreased steadily from 3.78 feet (June 1) to 1.87 feet (June 30). July 
began with an average discharge of 589 CFS and steadily decreased to 129 CFS on 
July 31. Guage height at Melrose also decreased from 1.79 feet (July 1) to .84 feet 
(July 31). Discharge and guage height levels continued to decrease in August at 
the Melrose station; 131 CFS (August 1) to 68 CFS August 26) and .85 feet (August 
1) to .57 feet (August 26).
The recording station at Bell Crossing near Victor, Montana provided 
information on gage height and discharge for the Bitterroot River for the water  
year of 1987-1988. Records started on May 11 so interviews conducted between  
May 1 to May 11 lacked information on flow levels at Beil Crossing. Discharge 
levels at the station increased from 2300 CFS on May 11 to 7760 CFS recorded on 
June 5, then discharge decreased steadily through June to 1680 CFS (June 30). 
July discharge levels decreased from 1350 CFS to 74 CFS on July 28 then 
increased slightly to 122 CFS on August 1. August discharge levels then 
decreased to 82 CFS recorded on August 30. Stage height recorded at Bell 
Crossing also began on May 11 with 5 4 feet, gage height increased to 7.4 feet 
(May 26) and finished May at 6.98 feet. June experienced a slight increase in stage
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height from 6.61 feet on June 1 to 7.77 feet on June 6, then steadily decreased to 
4.96 feet on June 30. July gage height continued decreasing from 4.68 feet to 2 51 
feet. August remained relatively steady, fluctuating between 2.5 to 2.3 feet 
throught out the month.
Discharge recorded at the Darby station beginning in May increased from 927 
CFS to 3400 CFS on May 25. The average May discharge was 1979 CFS. CFS 
continued decreasing throughout June, July and August to 327 CFS on August 30. 
The average discharge levels at Darby for June, July and August were 1710 CFS, 
436 CFS, and 366 CFS respectively. Guage height at the Darby station began to 
increase from 2.86 feet on May 1 to 5.27 feet recorded on May 25. Stage height 
decreased continuously from May 26 through June, July and August to 1.6 feet on 
August 31,
4.5. Survey Design
The onsite survey was designed to elicit from individuals the type of 
recreation trip being taken. individuals were asked to describe the types of 
activities they participated in, whether visiting the river was the main purpose of 
their trip, the length of stay at the site, the amount of planning involved before the 
trip was taken, and reasons for visiting the particular site.
The reasons included for visiting the Bitterroot or Big Hole river included: 
time off from work, the weather is good, adequate flow levels, an insect hatch is 
going on, less crowded now, and other people wanted to come now. For each 
reason the respondent was asked whether it was very important, important, not 
very important, or not at all important reason for making the trip at this tim e of 
year. If the individual had other reasons for visiting, they w ere also included.
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Another purpose of the onsite survey was to determine the quantity of trips 
generally taken by each individual, the expenditures for the current recreation trip 
including fishing equipment, travel expenses, and the cost of food and beverages  
bought especially for the trip, the oneway distance traveled to get to the particular 
site, and the estimated travel time.
The onsite respondents were also asked some current trip condition
questions including, whether the river was crowded or not, the adequacy of the  
instream flow levels, whether they preferred higher or lower flow levels in relation  
to the current stage height, and whether they knew the level of flow before taking  
the trip.
Socioeconomic information such as age, income, amount of education,
whether the subject is a m em ber of any sport, conservation, boating or fishing  
groups, city and state of residence, and the sex of the respondent. Current 
conditions were also recorded. The date, time of interview, weather conditions  
(wind and temperature), and the current flow levels in stage height and discharge  
were recorded for each interview.
Shoreline fishermen and fishermen using boats were asked additional
question concerning the type of fishing trip and equipment used. Respondents
were asked the type of bait, if they tied their own flies, the type of hatch fished, 
the number of hours fished, the number of trout caught and kept so far. They  
were also asked whether they hired a fishing guide or not and whether they w ere  
fishing from the shore, from a boat or both The information gathered from these  
questions were later used to determine how recreation activities changed during  
the course of the sampling period.
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People who were floating the rivers also answered some additional survey 
questions. These included questions on the type of boat used (raft, driftboat, 
canoe, intertube, etc.) and where they put in and took out. Questions and 
comments on the adequacy of the flow levels were asked of each floater.
To elicit willingness to pay specific dollar amounts over and above current 
trip expenditures and willingness to pay for instream flows, tw o dichotomous  
choice contingent valuation questions were included on the onsite interviews. 
Each described the com m odity  to be purchased and the means by which that 
commodity or public good could be purchased. The payment vehicles described in 
each CV question, an increase in trip expenses and a trust fund membership, were  
chosen for their relative neutrality and realism.
Before the current trip CV question each respondent was told that the next 
few questions would help to understand the value people place on river recreation 
on the Bitterroot/Big Hole. Generally individuals may not be accustomed to 
valuing recreation in dollar terms. Before the current trip CV question each 
respondent was asked to estimate their expected personal expenses for the current 
trip including travel expenses, food and lodging, equipment bought specifically for 
this trip, any guide fees, and other trip expenses. Following the question on the 
respondent's actual trip expenses, the current trip CV question was worded as 
follows:
Suppose that your expenses to visit the Bitterroot/Big Hole on this trip 
were higher. Would you still have visited the Bitterroot/ Big Hole if your 
personal expenses were ___  higher?
If the response was no, the individual was then asked if he would have made the 
trip if his personal expenses were only $1 more. Individuals answering "no " to this
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question were asked to briefly explain their reasons for answering "no". This 
follow up question was included to detect if the individual's response was a
protest to the mode of payment or whether the actual willingness to pay an
additional amount for the current trip was zero.
The specific bid levels used for the trip CVM ranged from $1 to $2000 on
both the Big Hole and Bitteroot onsite surveys. The bid levels and distribution of
the total sample among the bid amounts differed on the two rivers. A pretest 
onsite survey was conducted to establish an appropriate bid range to be used for 
the current trip CV question. Duffield and Allen s (1987) angler preference study 
also gave guidelines as to the upper limit on the bid range. Table 4,2 lists the bid 
levels and the associated share (SUBJ) of the total sample N asked each bid 
amount (N=470 on the Big Hole and IM=265 for the Bitterroot sample). Alt invalid, 
outlier and cases with incomplete information were excluded from the table.
The contingent valuation question developed to value instream flows for 
recreation was preceded by some basic questions on the interviewee's knowledge  
of the particular river's current flow level. Respondents were asked if the w ater  
level was adequate for the activity in which they participated. Each person was  
also asked w hether a higher or lower flow level would be preferred and what that
flow level would be in inches higher or lower.
The dichotomous choice question used in the estimation of each
respondent's willingness to pay for instream flows (direct use values) differed  
slightly for each river. The Bitterroot survey contained the following question;
As you may be aware, this section of the Bitterroot River from
Hamilton to Stevensville typically has low sum m ertim e flows and is
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Table 4-2: Bitteroot and Big Hole Trip CV Bid levels and Distribution
Bitterroot 
Bid Level SUBJ
Big Hole 
Bid Level SUBJ
1.00 7 1.00 12
1.50 12 1.50 10
2.00 10 2.00 10
3.00 12 3.00 13
4.00 8 4.00 15
5.00 7 6.00 13
6.00 6 8.00 11
9.00 14 10.00 3
12.00 5 11.00 6
16.00 5 15.00 4
22.00 7 16.00 9
30.00 9 20.00 5
40.00 10 22.00 7
55.00 8 30.00 14
75.00 10 45.00 16
100.00 14 60.00 12
150.00 12 90.00 17
175.00 3 125.00 16
200.00 9 175.00 16
250.00 21 250.00 44
350.00 14 350.00 31
500.00 22 500.00 34
700.00 18 700.00 31
1000.00 8 100000 43
1400,00 10 1400.00 45
2000.00 3 2000.00 33
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severely dewatered in drought years like 1985. However, there is water  
available in Painted Rocks Reservoir that could be purchased to increase  
summertime flows on this section of the river. One way this could be 
done would be by forming a trust fund to buy w ater as needed. Now  
here's the question I'd like you to answer.
Would you purchase an annual membership in a trust fund costing
$____  to maintain flows in the Bitterroot River over the summer at your
preferred level?
The Big Hole survey instream flow CV question was worded as follows;
As you may be aware, this section of the Big Hole from Wise River to 
Melrose typically has low summertime flows and is severely dewatered in 
drought years like 1985. Summertime flows on the Big Hole could be 
improved by purchasing water on the open market from irrigators. 
Purchases would allow irrigators to offset the costs of reduced water use 
or the costs of more efficient irrigation techniques. One way this could 
be done would be by forming a trust fund to buy w ater as needed. Now  
here's the question I'd like you to answer. Would you purchase an annual
membership in a trust fund costing $___  to maintain flows in the Big
Hole River over the sum m er at your preferred level?
Following this question on both rivers, if the response was "no", the 
respondent was asked an additional question:
Would you be willing to pay for annual membership in a trust fund to 
improve minimum flows if the cost was sufficiently low, say only $1 per 
year?
If the response was "no", the individual was asked to briefly explain the reasons for 
the negative response. Using this information protest responses could be detected  
and those respondents whose actual willingness to pay for a trust fund 
membership was zero could be determined. Table 4 -3  lists the bid levels and the 
associated share (SUBJ) of the total sample N asked each bid amount (N=247 on 
the Bitterroot and N=439 on the Big Hole). The table does not include invalid, 
outlier or cases with missing information. /
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Table 4-3; Bid Levels for Flov\/ CVM and Sample Share
Bitterroot Big Hole
BID LEVEL SUBJ BID LEVEL SUBJ
1.00 7 1.00 15
1.25 8 1.25 12
1.50 12 1.50 12
2.00 6 2.00 15
2.50 11 2.50 15
3.00 8 3.00 16
4 0 0 9 4.00 13
5.00 9 5.00 18
8.00 13 8.00 17
10.00 15 10.00 15
12.00 8 12.00 12
20.00 12 20.00 13
25.00 6 25.00 16
30.00 8 30.00 12
40.00 9 40.00 12
50.00 12 50.00 16
65.00 6 65.00 13
80.00 10 80.00 13
100.00 9 100.00 15
150.00 9 150.00 19
200.00 9 200.00 21
300.00 12 300.00 23
400.00 9 400.00 21
500.00 10 500.00 25
700.00 10 700.00 28
1000.00 10 1000.00 32
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After data collection a unique code was given to each response and the  
information was transferred to coding sheets. This information was later 
transferred to a tape that was mounted and used on a VAX. A coding key for the 
onsite survey is included in Appendix 1.
4.5.7. Biased and Invalid Responses- On Site Sample
Throughout the onsite survey, answers and comments dealing with trip 
expenditures, reasons for visiting, and the CV questions, allowed the detection of 
potential biases that may have existed. Respondents, whose trips were paid for by 
a company or governm ent as a promotional scheme were not included in the  
analysis. River guides were not included in the survey because their dependence  
on flow levels for work may cause them to overstate their actual willingness to  
pay and create bias in the data.
Respondents, who stated "yes" to either dichotomous choice question but 
whose reported annual income was less than the bid level asked, were also 
considered as invalid responses. A method for identifying potentially invalid 
responses was developed.
By comparing high bid levels for both the trip CVM and flow CVM that 
received "yes" responses to the actual budget constraints, believability measures  
w ere constructed in order to detect outliers in the data. The believability measure  
for the trip CVM involved using actual data on trip expenditures to judge w hether a 
"yes" to a high bid was believable. For the flow CV question information on 
donation budgets for sport, fishing, or conservation groups was analyzed to detect 
possible outliers.
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Cases in which the reported yeariy trip expenditures were greater than the 
subject's yearly income were excluded from the data set. To detect these cases 
the variable PRY was created and defined as:
PRY=lEXP*(TR2/2)]/INC
where EXP is the reported expenditure on the current trip, TR2 records the number
of trips taken to the site in the last tw o years, and INC is the average of the
income range given by the respondent. PRY is the percentage of income spent on 
trips to the site for one year. If PRY is greater than or equal to 1, the case was  
excluded since it is assumed that a person does not spend all annual income on 
recreation trips. However, if the individual is retired or unemployed, annual income  
may be zero and recreation trips may be paid for out of savings. Only one case
was excluded on each river because PRY was greater than one (see the table
below).
Table  4-4: Percentage of Income Spent on Recreation Trips >  1
ID PRY EXP TR2 EXPEND INCOME AGE RIVER
282 2.00 450 200 45,000 22,500 29 Bitterroot
1245 1.08 90 300 13,500 12,500 26 Big Hole
On each river the mean and standard deviation of the percentage of income  
spent on recreation trips to that river were computed in order to estimate a range 
of reasonable values for this variable.
In order to determine the believability of an individual's positive response to 
a particular bid, the dollar amount an individual indicated he was willing to pay in 
addition to trip expenditures was compared to the actual expenditures per trip. For 
each individual, PERINCT was defined as:
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average average sample
River PRY s.d income size 3 s.d
Big Hole .025 055 39,655 420 .19
Bitterroot .014 039 28,907 266 .13
PERINCT=[BIDT*(TR2/2)]/INC,
where BIDT is the bid level asked, and TR2 and INC are defined as above, PERINCT 
represents the percentage of annual income an individual would be willing to pay 
in addition to current trip expenditures. Individuals for whom  PERCINCT was  
greater than three standard deviations above the average percent of income spent 
on river recreation, PRY, were excluded from the analysis.
The average percent of income spent on recreation trips per year was 2.5 
percent on the Big Hole and T 4  percent on the Bitterroot. Cases for which  
PERINCT was greater than or equal to 19 percent on the Big Hole and 13 percent 
on the Bitterroot and for which the subject responded "yes" to the trip CVM w ere  
excluded because they were not within 3 s.d. of the mean PERINCT for the river. 
Tw en ty -th ree  cases on the Bitterroot and 16 cases on the Big Hole were excluded  
from the data set for this reason.
Income was not reported in 44 cases on the Bitterroot and 45 cases on the  
Big Hole. For these cases average income for the specific river sample was used 
as an approximation for their income level in order to analyze the believability of 
their "yes' responses to the trip question. Subjects who responded "yes" to the  
BIDT dollar level but for whom BIDTYEAR was greater than the average income for  
the sample were excluded. (BIDTYEAR=8IDT*{TR2/2)) where BIDT is the dollar value  
willing to pay over and above trip expenses for this typical trip.
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No cases were excluded on the Big Hole using this rule. On the Bitterroot 
the following two cases were excluded;
ID
105
189
TRIP/YEAR
90
100
BIDT
350
500
BIDTYEAR
$ 31,500
$ 50,000
Sample
Average
INCOME
$28,907
$28,907
No outliers were detected while analyzing the "yes" responses to the flow CV 
question. Techniques similar to those used to detect outliers for the current trip 
responses were applied to the analysis of the "yes" responses to the dichotomous  
buy/not buy a trust fund membership. Actual donation expenditures and reported  
income were used to calculate the average percentage of income, 
(DONINC=DONATE/INCOME) spent on donations to environmental causes. The 
mean values of DONINC and standard deviations are reported for each river below.
Table 4-5; Donation Expenditures as a Percentage of Income
River 
Big Hole 
mean
s.d.
Bitterroot
Mean
s.d.
DONINC
.006
041
.004
014
PERINCF
.002
.005
.001
.004
For all the subjects, who responded "yes" to the flow CV, a variable was defined to 
represent the accepted bid level as a percentage of income. The percentage of 
income that each respondent said he would pay for a trust fund membership was  
calculated as: PERINCF= BIDF/INCOME, where BIDF is the bid level asked.
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By comparing the actual donation expenditure levels (as a percentage of 
income) to the levels that respondents said they would be willing to pay (also as a 
percentage of income) possible outliers were detected. The three standard 
deviation rule was used. No cases were excluded on either river using this 
technique.
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Chapter 5 
Estimated Equations and Relationships
In this chapter the equations developed to model site use, current trip value  
and private trust fund value are described. Chapter 4 provided a physical 
description of how use and flow varied over the sampling period on the Big Hole 
and Bitterroot rivers. Using this information, use models were estimated to 
explore how instream flow levels affected the quantity of trips taken to the 
particular sites.
The estimated equations for the current trip and instream flow demand are 
also reported in this chapter. The included variables the significance of the 
estimated parameters, and the associated goodness of fit for each model are 
discussed. These estimates are used in Chapter 6 to determine how flow level 
variations affected the quality of the recreation experience.
5.1. Relationship of Total Use to Flow Levels
As noted in Chapter 4, river use by recreationists on the Big Hole and 
Bitterroot varied throughout the sampling period. A variety of flow levels was  
experienced during these four months. The relationship between the quantity of 
recreation use and the level of flows was explored graphically.
The figures below show two bivariate plots. The number of visits (NSAMPLE)
on each sample day on the Big Hole versus the corresponding flow level for that
date (LNDSCRG), is shown in Figure 5-1. LNDSCRG is the log of the level of
71
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discharge in CFS. The second plot. Figure 5 -2 ,  displays the number of visitors 
interviewed (NSAMPLE) versus the level of discharge (LNDSCRG) on the Bitterroot 
river. The relative shape of the first plot's curve suggested that the am ount of 
recreation use on the Big Hole and the level of discharge were related by a 
quadratic function. The second plot did not show a clear relationship between the  
number of visitors on a sampling day at the Bitterroot river and the absolute level 
of instream flow.
Several flow specifications were tried in modelling the use equations. Using 
regression analysis, a quadratic specification, with regard to flow, was found to fit 
the Big Hole onsite data (Table 5-1). A cubic specification with respect to 
discharge levels was estimated for the recreation use model for the Bitterroot data 
(Table 5 -2 ). Each model related the number of visitors to the level of instream  
flows and to other explanatory variables which were expected to affect visitation  
such as weather conditions, time of the week, hatches on the river, and 
temperature.
The model estimated for the Big Hole data indicates that at very low levels 
of flow on the Big Hole, the rate of visitation was also low. As flows increased to 
a certain "optimum" flow level, visitation increased up to that point of optimal flow. 
When flows continued to increase, the visitation rate dropped, until at very high 
flow levels visitation was minimal.
The interpretation of a cubic relationship between use and flow on the  
Bitterroot must take into account the level of actual flows during the sampling  
period. To identify the level of f low which corresponds to the relative maxim um  
daily use, the first derivative was calculated. Relative extremum occured w here
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Figure 5-2: Bitterroot Daily Sample Size Versus Discharge Level
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discharge (DSCRG) equalled 1128.5 CFS. The second derivative test was used to 
determine that this was a relative maximum point. The daily use estimate at 
1128.5 CFS was calculated to be 14.88, or approximately 15 individuals.
In the Big Hole use equation, the positive and highly significant parameter  
estimate for the SALDATE dum m y variable implies that, during the salmon fly 
hatch, visitation increased. The tem perature dummy variable has a negative sign 
which indicates that fewer visitors came to the Big Hole when the temperature  
dropped below sixty degrees. The flow variables DSCRG and the square of 
discharge are both highly significant showing that the amount of use on the Big 
Hole river was less during relatively low and very high flow levels and higher 
during some "optimal " level of flows.
The negative sign on the dummy variable for wind strength, DUMSTR, 
indicates that adverse weather conditions were associated with lower recreational 
use on the Bitterroot river. The positive and significant parameter estimate for 
WEEKEND dummy variable implies that recreational use increased on the Bitterroot 
river on weekends.
In order to determine how well the regression models fit the data set and 
the degree to which the model obeys the assumptions of the ordinary least 
squares regression model, the residuals (the difference between the observed and 
predicted values of NSAMPLE) w ere  analyzed. Appendix D contains the discussion 
of the residual analysis.
Narayanan (1986) estimated a model for site use using a logistic specification 
with a linear specification for the flow variable. This analysis explored the
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Table 5-1: BIG HOLE USE EQUATION- QUADRATIC 
NSAMPLE= 5.9944083 -  1,49456E-Q5 DSCRG^ + 027498 DSCRG
(2.933) (-2.241) (2 788) (^
+ 11.567 SALDATE -13 .206  DUMCOLD 
(3.349) ( -4 .147) (t)
R squared = .63014 N of Cases=41
Table 5-2: BITTERROOT USE EQUATION- CUBIC
NSAMPLE= 6.255228 + 4 .3699E-10 DSCRG^ -  3 .65522E -06  DSCRG^ 
(4.187) (1.935) (-2 .051) (t)
+.006336 DSCRG +4.565572 WEEKEND -5 .618895  DUMSTR
(1.797) (2.803) (-2 .521)
R squared = 43238 N of Cases 34
where;
NSAMPLE= number of visitors on a sample day
DSCRG= Average discharge between Melrose and Wisdom  
recording stations on the Big Hole river.
Average discharge between Darby and Bell Crossing 
recording stations on the Bitterroot river.
SALDATE= dummy variable taking the value of 1 if there was a 
salmon fly hatch occuring and 0 otherwise.
WEEKEND= dummy variable taking the value of 1 if the individual 
visited on a weekend day and 0 otherwise.
DUMSTR= dummy variable equalling 1 if there was a strong wind, 
0 if not.
DUMCOLD= 1 if tem perature  was less than 60 degrees, 0 if not.
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possibility that the probability of attaining the maximum visitation rate on each  
river was related to discharge by a logistic function.
A logistic function was estimated with discharge as an explanatory variable  
and the proportion of the maximum visitation rate as the dependent variable. The 
visitation rate for each sampling day was calculated as that day's sample size 
divided by the largest sample size collected in one day. A multivariate logistic  
function was estimated relating the proportion of the maximum visitation rate as a 
function of the flow level and other explanatory variables that may affect use such 
as weather conditions, hatches, and temperature. The Table 5 -3  below shows both 
of the estimated equations. All variables were highly significant as shown by the t 
test statistics and the associated p-values below each estimated parameter.
A logistic equation relating quantity of use to flow is inappropriate for the  
identifcation of optimal flow regimes if the specification is linear with respect to 
the flow variable. The probability of achieving maximum visitation asymptotically  
approaches 1 as flows increase to infinity. The logistic equations with polynomial 
specifications of the flow variable for the Big Hole and the Bitterroot allow the  
identification of an optimal flow level.
5.2. Logit Analysis of Trip Demand
The discrete responses to the current trip dichotomous choice question w ere  
analyzed. The variables found to be significantly related to the probability of a 
'yes" response to the current trip bid level and their corresponding regression  
coefficients are discussed in this section. Included variables were all significant at 
the 90 percent level or better. The log variable transformation is not shown  
explicitly.
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Tab le  5-3: Estimated IVIultivariate Logit Equations 
Big Hole Use Equation- Logistic
Log(P /(1-P))=-2.0355 + 2 .62149E-09  DSCRG3 
(48.08485) (2.74238)
(.00) (.0063056)
■7.621E-06 SQDSCRG 
(-3 .7088) (t) 
(.0002302) (p)
+.00616 DSCRG +
(5.17459)
(.0000004)
-1 .43428  DUMSTR  
(-7 .75038)
( .00 )
.40362 WEEKEND -  
(3.13134)
(.001836)
.89766 SALDATE -  
(4.86093)
(.0000016)
2.05444 DUMRAIN 
(-6 .95073) (t)
(0 0 ) (p)
1.7151 DUMC  
(-6 .85564) (t)
(.00) (p)
N=530
Bitterroot Use Equation
Log(P/(1-P))= - .2 65 5 4  + 8.626417 DSCRG3 -  ,07442 SQDSCRG
(42.6445) (2.2876) (-2 .51349) (t)
(.00) (.02298) (.0125714) (p)
N=255
Note:
DUMRAIN=
DUMSTR=
DUMC=
DSCRG=
WEEKEND=
SALDATE=
+ .00128 DSCRG -  
(2.24625)
(.025544)
+ 1.227 WEEKEND - 
(4.50855)
(.00001)
1.88334 DUMSTR
(-4.0826)
(.0000596)
2.913 DUMRAIN 
(-4.8394) (t)
(.0000022) (p)
2.09084 DUMC  
(-4 .77411) (t) 
(.000003) (p)
Dum m y variable taking the value 
of 1 if it was raining, 0 if not.
Dum m y variable equalling 1 if there was a strong 
wind, 0 if not.
1 if tem perature was less that 60 degrees, 0 if not. 
Average discharge between Melrose and Wisdom  
recording stations on the Big Hole river.
Average discharge between Darby and Bell Crossing 
recording stations on the Bitterroot river.
Dum m y variable taking the value of 1 
if the  individual visited on a weekend day and 0 if not. 
Dum m y variable taking the value of 1 if there was a 
salmon fly hatch occuring and 0 otherwise
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Table 5 -4  shows the specific bid levels, the share of the total sample asked 
each bid amount, the number of recreators who responded positively to the  
current trip CV question (NRESP), and the calculated probability of acceptance at 
each bid level (PROBT). This table was constructed after all invalid and outlier  
cases were removed. Cases in which the bid response information was missing 
were also excluded.
5.2.1. Bitterroot Current Trip Logit Analysis-Total Sample
A logit model of the log-linear form, corresponding to the general 
specification in Chapter 3 equation (6), was chosen for the Bitterroot current trip 
contingent valuation model. Separate logit equations were estimated for the total 
sample, for recreators involved in floating or fishing activities, and for shoreline  
recreationists. This allowed the comparison of trip valuation between the different 
types of recreation trips.
There were 231 observations with complete information used for the  
estimation of the multivariate current trip equation for the Bitterroot total sample. 
Two multivariate models were estimated for the general activity subgroups. For 
the shoreline recreation equation, 114 observations with complete information  
were used in the estimation. In the estimation of the logit model for the fish 
and/or float recreation current trip equation, 115 observations were used.
Table 5 -5  contains the estimated multivariate equations. The t test statistics  
for each estimated coefficient and the significance probability (or p-value) of the t 
test statistic appear below each estimated coefficient. The p-value is the smallest 
level of significance for which the null hypothesis is rejected. The null hypothesis.
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Bitterroot Big Hole
BID LEVEL SUBJ NRESP PROBT BID LEVEL SUBJ NRESP PRO
1,00 8 8 1.00 1.00 12 12 1.00
1.50 12 12 1.00 1.50 12 12 1.00
2.00 10 10 1.00 2.00 17 17 1.00
3.00 13 13 1.00 3.00 19 18 95
4.00 8 8 1.00 4.00 18 18 1.00
5.00 9 9 1.00 6.00 15 15 1.00
6.00 6 5 .83 8.00 14 14 1.00
9.00 14 8 .57 10.00 3 2 .67
12.00 5 5 1.00 11.00 8 8 1.00
16.00 5 4 .80 15.00 7 7 1.00
22.00 6 4 .66 16.00 13 12 .92
30.00 9 4 .44 20.00 6 5 .83
40.00 10 3 .30 22.00 6 5 .83
55.00 9 2 .22 30.00 16 12 .75
75.00 9 2 .22 45.00 14 11 .79
100.00 15 7 .47 60.00 13 6 .46
150.00 11 3 .27 90.00 19 10 .53
175.00 3 1 .33 125.00 20 12 .60
200.00 9 0 .00 175.00 18 5 .28
250.00 21 1 .05 250.00 51 19 37
350.00 16 2 .12 350.00 34 13 .38
500.00 22 5 .23 500.00 37 6 .16
700.00 18 2 .11 700.00 33 3 .09
1000.00 8 0 .00 1000.00 43 2 .05
1400.00 10 1 .10 1400.00 46 8 .17
2000.00 4 1 .25 2000.00 33 0 .00
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H(0), is that the estimated coefficient, is significantly different from zero. The 
p-value is the probability under H(0) of the occurence of zero indicating no 
correlation between the dependent and independent variables. A small p -va lue  
indicates a strong justification of rejection.
In each equation the regression coefficients on the included variables have 
the theoretically correct sign. The coefficient on the bid level asked of the  
respondents is negative in all cases and highly significant. This demonstrates that 
higher bid amounts imply a lower probability of acceptance (a "yes" response to 
willingness to pay the specific dollar amount more for the current trip).
The coefficient on the income variable is positive and shows a significant 
correlation with willingness to pay for the current trip. An increase in income  
indicates an increase in the probability of willingness to pay. Individuals with  
higher income levels are more willing and able to pay an increase in trip expenses.
This question elicits the valuation of the current trip. Because this is a 
marginal valuation, the appropriate quantity variable to use would be TRIPSF, the 
quantity of trips to this river thus far in the season. For the total sample and the  
subgroup of shoreline recreators, the TRIPSF variable had a negative sign. This 
indicated that the higher the number of trips taken thus far by the respondent, the 
less probable he would be willing to pay an increase in trip expenses for the 
current trip. The parameter estimate for the quantity variable, TRIPSF, for the 
sample of recreators involved in fishing or floating activities was found to be not 
significantly related to willingness to pay.
In all cases the absolute value of TRIPSF was less than one. This meets the 
theoretical constraint in order for demand to be downward sloping with respect to 
quantity consumed as suggested by Sellar, Chavas. and Stoll (1986).
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Table 5-5: Bitterroot Current Trip Logistic Equations
Total Sample
Log(P/(1-P))= -7 .98564
(.64258)
-  T245 LNBIDT 
(-7 .47185)
(.00)
+ .94254 LNINCOME 
(3.28873) (t) 
(.0011678) (p)
N=231
-.35796  LIMTRIPSF 
( - 2 .0 0 1 0 1 )
(.04659)
+ 67952 LNTRIPTM 
(2.85954)
(.004641)
Shoreline Subgroup
+ .4663 LNDSCRG 
(2.43887) (t) 
(.015518) (p)
Log(P/(1-P))= -16 .16394
(-1.705)
(.09104)
-  1.5079 LNBIDT
(-4.61012)
(.000011 )
+ 1.8169 LNINCOME 
(3.25093) (t) 
(.0015308) (p)
-  81082 LNTRIPSF 
( -2 8 3 2 5 2 )
(.0055026)
+ .7574 LNDSCRG 
2L36425)(n
(.019836) (p)
N= 114
Fish/Float Subgroup
Log(P/(1-P))= -5 .86118
(.98549)
(.32654)
-1 .11838  LNBIDT 
(-5 .59081)
( 00)
+ .59046 LNINCOME  
(1.661) (t)
(.09956) (p)
+ .7897 LNTRIPTM 
(2.33837)
(.021175)
+ .48974 LNDSCRG 
(1.78744) (t) 
(.076620) (p)
N=115
Notes. BIDT=bid amount for current trip question 
INCOME=household income
TRlPSF=number of trips taken to the site so far this year 
TRIPTM=number of hours multiplied by the number of days
at the site for this trip 
DSCRG-average discharge between measuring stations
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The TRIPTM variable was defined as (HOURSTD*DAYS) the number of hours 
spent on this trip multiplied by the total number of days for this trip. The 
positively significant coefficient on TRIPTM implies that as the length of trip 
increased the probability of an individual being willing to pay more for the trip also 
increased. Those recreators, who typically spent longer periods at the site, had a 
greater probability of being willing to pay increased trip expenses.
The flow variable used in the equations, DSCRG, was the average of the 
discharge at two stations on the Bitterroot, Darby and Bell Crossing. Discharge  
was measured in cubic feet per second (CFS). The regression coefficient on 
DSCRG was positive and showed a significant correlation to probability of 
acceptance. This would imply that as discharge (flow levels) increased, a 
recreator's probability of paying more for the current trip also increased.
The relative strength of each independent variable on the odds of acceptance  
may be determined from the estimated coefficients on each variable. With a lo g -  
linear specification of the logit model, it may be shown that the effect of an 
increase in an independent variable X. by a factor of m, all else equal, will increase  
the odds of acceptance by a factor of m*^i*, w here b| is the estimated coefficient 
on the variable X.. This means that the variable with the highest estimated  
coefficient has the greatest impact on the odds of acceptance. In the estimated  
current trip models for the Bitterroot total sample and shoreline subgroup, income  
had the greatest effect on the odds that an individual would being willing to pay 
an increase in trip expenses. The estimated equation for the fish/float subgroup  
shows that the variable for length of stay at the site, TRIPTM, had the most  
influence on the odds of a positive response.
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5.2.2. Big Hole Current Trip Logit Analysis
The current trip logit model, estimated for the total sample from the Big Hole 
River, is given in table 5 -6  below. There w ere  503 observations with complete  
information used in the estimation of the model for the total sample. Table 5 -6  
also contains the current trip logit equation for the subgroup comprised of fishing 
and/or floating activities on the Big Hole estimated with 466 observations with 
complete information. Due to the small sample size of shoreline recreators  
interviewed on the Big Hole, 41, a multivariate logit model could not be estimated  
to determine the value of a shoreline recreation trip.
The Big Hole sample was comprised primarily of anglers, either fishing from  
the shoreline or float fishing. This allowed an alternative grouping technique to be 
used to determine if subgroups of anglers have separate demand schedules which 
may reflect varying valuations of the recreation experience. A float angler group  
was defined as those fishing from a driftboat or raft or on a trip involving fishing, 
floating and camping. A shorefish group included those participating in shoreline  
fishing, camping, floating, and general shoreline recreation. Table 5 -7  shows the 
estimated current trip equations for each of these subgroups.
Several f low  variable specifications w ere tried in the estimation of the model. 
All of the flow variable specifications were found to be insignificantly related to  
willingness to pay the specified bid amount for the Big Hole sample. A current trip 
equation was estim ated for the Big Hole total sample without flow level as an
explanatory variable.
Like the Bitterroot results, the coefficient on the bid amount asked (BIDT) was 
negatively related to probability of acceptance and highly significant. This
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Table 5-6: Big Hole Current Trip Logistics Equations
Total Sample
Log{P/(1-P))= -2 .16332
(3.0227)
(.00263)
-.47892 LNTRIPSF 
(-2.218)
(.027016)
-1 .25994  LNBIDT 
(-11 .16916)
(.00 )
+ 1.59076 LNAGE
(3.09806)
(.002060)
+ .34656 LNINCOME 
(1.73633) (t)
(.083137) (p)
-  1.34466 RES 
(-3 .93003) (t) 
(.0000972) (p)
N=503
Fish/Float Subgroup
Log(P/(1-P))= -2 .47894
(2.89918)
(.003923)
-1 .21 816  LNBIDT 
(-10 .82595)
( 00 )
+.36968 LNINCOME 
(1,82786) (t) 
(.068227) (p)
N=466
Note:
-  .4203 LNTRIPSF
(-1.92813)
(.0544632)
-  1.37688 RES
(-3 .94608)
(.0000920)
+ 1.5494 LNAGE 
(2 89812) (t) 
(.0039362) (p)
B1DT= bid amount for current trip question.
TR!PSF= number of trips taken to the site so far this year  
INCOME= household income.
AGE= the age of the respondent.
RES= residence dum m y variable equalling 1 if respondent
is a Montana resident, 0 if not.
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Table  5-7: Big Hole Current Trip Logistic Equations 
Float Angler Subgroup
Log(P/(l-P))= -8 .32078
(.47995)
(.6317)
-  1.49004 LNBIDT 
(-7.30012)
(.00)
+ 1.3383 LNINCOME 
(3.68174) (t) 
(.0002872) (p)
- .460 6  LNTRIPSF
(-1 .65207)
(.098502)
+ .64486 LNTRIPTM 
(2.77177) (t)
(.0060198) (p)
N=241
Shorefish Subgroup
Log(P/(1-P))= 6.2499
(21.389)
( .00 )
-  1.04918 LNBIDT 
(-8.505)
(.00)
-  .70006 LNTRIPSF 
( -2  1774) CO
(.030304) (p)
N=278
-  1.58712 RES 
(-3 .9256) (t)
(.0001096) (p)
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indicates that the probability of an individual being willing to pay more in current 
trip expenses decreased on the Big Hole as the bid amount asked increased.
Income was positively correlated to the probability of acceptance which has 
similar implications as above on the Bitterroot. As the income of the Big Hole 
respondents increased the probability of being willing to pay an increase in trip 
expenses also increased.
The quantity variable, TRIPSF, had a negative coefficient which implied as the 
number of trips taken so far this year increased the probability an individual would  
be willing to pay more for the particular trip decreased. The coefficient on TRIPSF 
had an absolute value less than one. This meets the theoretical restriction 
suggested by Sellar, Chavas, and Stoll for downward sloping demand with respect 
to quantity of trips taken.
The variable, TRIPTM, represented the length of stay on the current trip. For 
the float angler subgroup equation, TRIPTM was positively related to the probability 
of acceptance. This would imply that as the duration of the time spent at the site 
increased, the willingness to pay of individuals participating in float fishing 
activities also increased.
The variable representing the individual's age, AGE, was significantly related 
to willingness to pay. The positive sign implied that as the respondent's age 
increased, the probability of acceptance also increased.
The negative estimated coefficient on the residence dummy variable, RES, 
indicated that Montana residence had a lower probability of acceptance than 
nonresidents.
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In the total sample current trip equation for the Big Hole, the age of the  
respondent had the largest effect on the odds of acceptance by virtue of the size 
of its estimated coefficient. For the float angler subgroup, income had the largest 
effect on willingness to pay odds followed by time spent at the site on the current 
trip, TRIPTM, trips taken to the site, TRIPSF, and the bid level asked. The shorefish 
subgroup estimated current trip equation showed that the number of trips taken to 
the site in the current season had the most influence on the odds of acceptance, 
followed by the bid level and then the residence dummy variable.
5.3. Goodness of Fit of the Estimated Model
The problem of deciding whether the sample frequency distribution is 
compatible with the theoretical logistic distribution is resolved through use of a 
goodness of fit test. For this study, the null hypothesis is the proposition that the  
sampled distribution matches the theoretical logit distribution. In order to test the  
null hypothesis, the frequency distribution obtained in the sample is used as the  
evidence concerning the form of the population distribution (Kmenta, 1971).
The goodness of fit statistic available on the SPSSX probit package is the 
Pearson chi-square. The latter is only calculated for grouped data. Pearson 
goodness of fit tests w hether residuals are distributed homogeneously about the  
regression line. If this test is significant, PROBIT uses a heterogeneity factor to 
calculate confidence limits. A large chi-square can indicate that a different 
response model or predictor transformation is needed. The null hypothesis that 
the sampled distribution m atches the theoretical logit distribution should be 
rejected if the chi square is quite large.
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For the test to be reasonably satisfactory, it is required that the expected
frequency in the theoretical (hypothesized) distribution (calculated by using the
logistics distribution formula) be greater than or equal to five. Generally, the ch i-
square is considered unreliable if more than 20 percent of the cells have expected
frequencies of less than 5. If the null hypothesis is true, the sample frequencies
observed can be considered as a sample estimate of the expected frequencies.
Due to this limitation only the bivariate case (with data grouped on the bid
variable) may be reliably interpreted. The estimated bivariate equations for the
sample rivers are listed in the table below. The standard error and t-statistic  are
included below each estimate in the parentheses.
Table  5-8: Current Trip Bivariate Equation
Bitterroot Sample
Log(P /(l-P ))=  3 .40496 -  .9122 LNBIDT
(30.34659) (-9.00685) (t)
(.00) (.00) (p)
Chi-square=36.149 DF= 24 P= .053 N=270 
Big Hole Sample
Log(P/(1-P))= 5.1202 -  1.05286 LNBIDT
(31.42) (-11 .864) (t)
(.00) (.00) (p)
Chi-square= 30.086 DF= 25 P= 221 N=528
To determine the boundary between acceptance and the critical region, the 
number of degrees of freedom and the chosen level of significance are used and 
the boundary may be specified by consulting a chi-square table. The chi-square
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test statistic for the Bitterroot bivariate equation is 36.149 given 24 degrees of 
freedom. The tabulated value of chi-square with 24 degrees of freedom at 5% 
level of significance is 45.56. Values smaller than that would fall into the 
acceptance region and values that are larger into the critical region. Since in this 
case the value of the test statistic does not exceed the boundary value of 45.56, 
the null hypothesis is to be accepted. That is, the Bitterroot data appears to be 
consistent with the proposition that the sampled distribution matches the  
theoretical logistic distribution. However, because the number of cells with 
expected frequencies less than five were greater than 20% of all the cells, the chi-  
square statistic may not be reliable.
The chi-square test statistic for the Big Hole bivariate equation is 30.086 
given 25 degrees of freedom. The tabulated value of chi-square with 25 degrees  
of freedom at the 5% level of significance is 37.7. The value of the test statistic 
does not exceed the boundary value indicating that the null hypothesis should be
accepted. However, 28.5 percent of the expected frequencies were less than 5
indicating that the test may be unreliable.
5.4. Logit Analysis of Instream  Flow Dem and
The estimated logit equations for instream flow demand from the onsite
sample of Bitterroot and Big Hole respondents are presented in this section. The 
estimated logit equations by river, both multivariate and bivariate, are listed below  
for the trust fund CV question. The variables found to be significantly related to 
willingness to pay a specified bid level for an annual trust fund membership for 
the purpose of purchasing w ater for instream reservation and the correponding
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regression coefficients are discussed in this section. Included variables were all 
significant at the 90 percent level of confidence. The log variable transformation is 
not shown explicitly.
Table 5 -9  displays the bid levels, the number of respondents asked each bid 
level (SUBJ), the number of individuals that responded "yes " to the trust fund CV 
question (NRESP), and the associated probability of acceptance at each bid level 
(PROBT). This table was constructed after invalid, outlier, and cases with 
incomplete information w ere  removed.
5.4.1. Bitterroot Instream Flow Demand
Using the maximum likelihood regression technique available on SPSSX , the 
parameters of the logistic equations relating the probability of purchasing a trust 
fund membership to explanatory variables, were estimated. The estimated  
equations are shown in Table 5-10. Approximately 218 observations with complete  
information w ere used in the estimation of the log linear logit equation for the 
Bitterroot instream flow demand for the total sample. Using the total sample, an 
equation, including a recreation activity dummy variable, FISHACT, was estimated. 
This allowed a flow value comparison to be made between shoreline recreators  
and fish/float enthusiasts. Approximately 217 observations with complete  
information w ere  used in the estimation of the logit equation. T statistics are 
included in parenthesis below each variable. The Chi square statistics are reported  
along with the degrees of freedom (OF) and the probability p
Given 25 degrees of freedom, the chi square test statistic for the Bitterroot 
bivariate equation is 24.101. The tabulated value of chi-square with 26 DF at the
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Table 5-9: Bid Levels for the Trust Fund CV and Distribution
BITTERROOT 
BID LEVEL SUBJ NRESP PROBT
BIG HOLE 
BID LEVEL SUBJ NRESP PRO
1.00 7 7 1.00 1.00 15 12 .80
1.25 8 8 1.00 1.25 12 9 .75
1.50 12 9 .75 1.50 12 11 .92
2.00 6 5 83 2.00 15 10 67
2.50 11 10 .91 2.50 15 11 .73
3.00 8 5 63 3.00 16 13 .81
4.00 9 6 .67 4.00 13 10 .77
5.00 9 3 33 5.00 18 14 .78
6.00 8 7 .88 6.00 17 13 .76
8.00 13 7 .54 8.00 17 7 .41
10.00 15 10 .67 10-00 15 12 .80
12.00 8 6 .75 12.00 12 9 .75
16.00 10 6 .60 16.00 13 6 .46
20.00 12 6 .50 20.00 13 7 .54
25.00 6 2 33 25.00 16 10 .63
30.00 8 4 .50 30.00 12 3 .25
40.00 9 2 .22 40.00 12 8 .67
50.00 12 6 .50 50.00 16 3 .19
65.00 6 2 .33 65.00 13 2 .15
80.00 10 1 .10 80.00 13 3 23
100.00 9 2 .22 100.00 15 5 .33
150.00 9 0 .00 150.00 19 6 32
200.00 9 1 .11 200.00 21 7 .33
300.00 12 1 .08 300.00 23 4 .17
400.00 9 0 .00 400.00 21 3 .14
500.00 10 0 .00 500.00 25 2 .08
700.00 10 0 .00 700.00 28 2 .07
1000.00 10 1 .10 1000.00 32 0 .00
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Table 5-10: Bitterroot Instream Flow Logistic Equations
Total Sample
Log(P/(1-P))= -1 .91756  
(4 16642) 
(.0000446)
-  .81238 LNBIDF 
(-7.1292)
( 00 )
+ .44516 LNINCOME 
(2.26179) (t)
(.024696) (p)
- .4 11 8  LNYEARS
(-2 .27488)
(.0238858)
+ .21318 LNTR1PL2 
(1.89038) (t) 
(.0600338) (p)
N=218
Total Sam ple-Activ ity  Dummy Variable
Log(P/(l-P))= -1 .9832
(4.05279)
(.0000706)
-  .83692 LNBIDF 
(-7 ,09145)
( 00)
+ .43006 LNINCOME 
(2.14347) (t)
C033188)
-  .41696 LNYEARS
(-2.30389)
(.022175)
+ 59914 FISHACT 
(1.67851) (t)
(.0946864) (p)
N= 217
Total Sample-Bivariate Equation
Log(P /(l-P ))= 2.1235
(38.1283)
-  .79072 LNBIDF 
(-8 .06399) (t)
Chi square= 24.101 DF=26 P=.57 N=270
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five percent level of significance is 38.9. Since the value of the test statistic in 
this case does not exceed the boundary value of 38.9, the null hypothesis that the 
sample distribution approximates the logistic distribution may be accepted. 
However, after consulting the table of expected frequencies, it was found that the 
number of cells, having an expected frequency less than five, was greater than 20 
percent. This indicates that the test statistic may be unreliable.
For the estimated equations the regression coefficient on the bid level 
variable (BIDF) had the expected negative sign. This indicated that as the bid 
amount increased in value, the probability of Bitterroot recreators being willing to 
pay for trust fund memberships decreased.
The positive correlation between income and probability of purchasing an 
annual membership demonstrated that as income increased the willingness and 
ability of respondents to pay also increased in probability.
The variable LNYEARS represented the number of years that the respondent 
had been visiting the Bitterroot river for recreation. The negative sign of the 
regression coefficient implies that as the number of years recreating on the river 
increased probability of responding "yes" to the trust fund question decreased. 
People, who have visited the Bitterroot for many years, may be accustomed to the 
extreme fluctuation in river flows and were reluctant to make any changes in how  
things have always been done. They may be sympathetic towards irrigation needs. 
Individuals, who have recreated on the Bitterroot for few er years, may have been 
more willing to pay for trust fund memberships since they have more years in the  
future to visit the river. They may have viewed the idea of a trust fund as a 
positive means of assuring the adequacy of water flows for both recreation and 
environmental purposes.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
95
The variable LNTRIPL2 represented the number of recreation trips taken to 
the Bitterroot in the past tw o years. The positive sign on this explanatory variable 
implied that as the number of yearly trips increased, the probability a subject 
would purchase an annual trust fund membership also increased. It seems that, as 
the quantity of trips taken in a year increases, the more likely a respondent 
experiences a variety of f low levels from very high, to optimum, to very low. 
These individuals, who spend a large amount of their recreation time at the river, 
will probably want to assure that the quality of the experience makes the trip 
worthwhile. Thus, they will be more likely to purchase an annual membership in a
private trust fund that would augm ent low flow levels in Montana by buying
additional water to leave in the stream.
The positive and significant coefficient on the activity dummy variable,
FISHACT, indicated that people involved in fishing or floating activities had a higher 
probability of responding positively to the trust fund CV question than shoreline 
recreators.
In the total sample equation, income had the largest influence on the odds of 
acceptance followed by trips taken in the last tw o  years, the number of years 
visiting the site, and then the bid level.
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5.4.2. Big Hole Logit Equation for Instream Flow Demand
This section presents the logit analysis of the Big Hole onsite responses to 
willingness to pay for an annual trust fund membership to purchase water for 
instream purposes. The discrete responses to the flow CV question were used to 
estimate logit equations of the log-linear form, two multivariate and one bivariate, 
shown in Table 5 -11. Approximately 506 observations with complete information  
were used in the estimation of the logit equation for the total sample. T statistics 
are included below each variable and the corresponding coefficient.
Table  5-11: Big Hole Instream Flow Equations 
Total Sample Multivariate Equation
Log{P/(1-P))= -3 .1614
(4.28887)
(.0000214)
-  .70126 LNBIDF 
(-10 .93849)
( .00)
+ .39402 LNTR1PL2 
(4.68183) (t) 
(.0000036) (p)
+.26628 LNINCOME + .29582 LNDSCRG 
(1.81688) (2.64363) (t)
(.0698264) (.0084568) (p)
N=506
Log(P/(1-P))=
Total Sample Bivariate Equation
1.6809 -  .62138 LNBIDF
(56.528) (-10 .8928) (t)
Chi square=30.581 DF=27 P=.289 N=527
In order to test the null hypothesis that the sampled distribution matches the  
theoretical logit distribution, the bivariate case may be interpreted. The tabulated  
value of chi-square with 27 DF at the five percent significance level is 40.1. Since 
the test statistic, 24.101, is less than this tabulated value, the null hypothesis is
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accepted. However, the percent of cells with expected frequencies less than five 
exceeded 20 percent. This indicated that the chi-square test statistic may be 
unreliable.
In the multivariate equation, the estimated parameters for the variables 
LNBIDF, LNDSCRG and LNTRIPL2 were highly significant at the 99 percent level of 
significance. The parameter estimates for the income variable LNINCOME was 
significant at the 95 percent significance level.
For the bivariate equation, estimated from the total sample, the parameter 
estimate for LNBIDF and the estimate of the constant were highly significant. At 
the 5% level of significance with 2 4 -3 0  degrees of freedom the tabulated chi-  
square test statistic has a value between 36 .42 - 43.77. The value of the chi-  
square statistic for the bivariate case is less than these boundary values. This 
implies that the null hypothesis that the frequency distribution approximates the 
theoretical logistic distribution should not be rejected.
The coefficient on the bid amount (BIDF) shows a negative relationship 
between probability of buying a trust fund membership and the level of the bid 
asked. Lower bid levels had a higher probability of acceptance. As bid amount 
increased the probability of a "yes" response decreases.
The relationship of the quantity variable (TRIPL2) to probability of acceptance  
is positive. Respondents who take a large amount of recreation trips to the Big 
Hole river each year will have a higher probability of joining a trust fund for 
purchasing water. Individuals, who take few er trips per year to the river, will have 
a low er probability of acceptance.
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Income and probability of acceptance are positively correlated. As income  
increases the probability of a "yes" response also increases.
The positive and significant parameter estimate on the flow level variable 
(DSCRG) indicates that individuals with a higher probability of joining a trust fund 
to preserve instream flows were present at higher flow levels. At lower levels of 
flow, individuals had a lower probability of acceptance.
The quantity of trips taken in the last two years was the variable with the 
largest influence on the odds of accepting to purchase a trust fund membership. 
The level of current flows on the river had the second highest effect on the odds 
of acceptance followed by income and then the level of the bid amount.
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C hapter 6
Benefit Estimation and Alternative Flow Effects
Consumer surplus estimates for a recreation trip and for an annual 
membership in a private trust fund for flow reservation on the Big Hole and 
Bitterroot rivers are presented in this chapter. Two methods were used to derive 
mean willingness to pay estimates; numerical integration and a nonparametric  
technique {Duffield and Patterson, 1989). The nonparametric method of benefit 
estimation provided an estimate of the variance of the mean which can not easily 
be derived using numerical integration techniques. The net willingness to pay 
measures are used in the estimation of the value of an acre foot of w ater for 
recreation purposes for both rivers. The tw o techniques used to value an acre 
foot of w ater  for recreation purposes are discussed. The average and marginal 
values per acre foot of w ater for recreation are reported.
6.1. Onsite Benefit Estimation and Analysis
Hicksian equivalent surplus welfare measures were calculated from the
estimated log-linear models of the dichotomous choice response data for the
current trip and trust fund questions. Numerical integration was used to estimate
the net economic values per recreation trip for the Big Hole and the Bitterroot
rivers at tw o  truncation levels, $2000 (the highest bid level asked) and $500 (used
for comparative purposes with other studies on recreation value). The mean
willingness to pay for an annual membership in a trust fund to insure the
99
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adequacy of instream flow levels was also estimated by integrating the flow  
logistic equations from $0 to $1000 (the highest bid with a "yes" response). 
Another approximation of equivalent surplus was obtained by using the median  
value of the distribution.
A limitation of estimating mean willingness to pay using numerical 
integration is that the standard error for the welfare measure cannot be derived  
analytically (for the case of a logged bid variable). Following the methods  
described in Duffield and Patterson (1989), nonparametric methods were applied to 
the current trip and trust fund dichotomous choice results to estimate the mean 
and to measure dispersion of the truncated mean. A confidence interval for the  
expected value of the mean was calculated.
6.1.1. Current Trip Benefit Estimates
This subsection describes the valuation of a current recreation trip on each 
river. The sample frame for the current trip valuation was the typical trip. In order  
to calculate the net economic value per trip for the total sample and for the two  
subgroups, fish and /o r float activity and shoreline recreation, each of the estimated  
multivariate equations were evaluated at the mean of the onsite untransformed  
variables.^
Table 6.1 contains a list of the Bitterroot estimated current trip equations, 
from Table 5 -5 , evaluated at the means of the untransformed data and the Big 
Hole current trip equations from tables 5 -6  and 5 -7 . These equations express the
^Appendix  C con ta ins  a list of the  u n tra n s fo rm e d  var iab le  m e a n s  for the  B it te rroot  and Big Hole  
c u rre n t  trip e q u a t io n s
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probability of acceptance as a function of the bid level asked. A nunnerical 
integration technique was applied to these equations to estimate the mean of the  
distribution. The estimated means and the median of the distribution are 
presented in Table 6 -2  Duffield and Patterson's nonparametric method was also 
applied in order to estimate the mean consumer surplus and the variance. These  
nonparametric results are shown in Table 6 -3  and Table 6-4 . The variance for the  
mean willingness to pay estimate was used to calculate a confidence interval for 
the true mean.
Table 6 -1 : Current Trip Equations Evaluated at Variable Means
River
Bitterroot
Sample
Total
Fish/Float
Shoreline
Estimated Equations
Log(P/( 1 -P ))= 5 .7 6 0 3 4 -1 2545*LNBIDT
Log(P/( 1 -P ))= 5 .8 3 3 2 9 -1 11838 TNBIDT  
Log(P/(1-P))=5.89421-1.5079*LNBIDT
Big Hole Total 
Fish/Float 
Float Angler 
Shorefish
Log(P/( 1 -P ))=6 .189 8 8 -1 .25994'LNBIDT  
Log(P /(l-P ))=5.960926-1 .21B16-LNBIDT  
Log(P/( 1 -P ))=7 .65B 304-1.49004 LNBIDT 
Log(P /(1 -P ))=4 .794311 -1 .0 4 9 1 8 -LNBIDT
The estimated value per recreation trip for fishing activities (truncated at the  
$500 bid level) m ay be compared to the results of similar studies of recreation  
benefits.
Duffield and Allen (1988) derived net economic values for trout fishing on 19 
Montana rivers using both the open-ended and dichotomous choice contingent
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Table 6-2: Consumer Surplus per Recreation Trip-lntegration
Truncation Level
River $2000 $1400 $500 Median
Bitterroot
Total Sample $244.38 $226.58 $168.21 $102.18
Fish/Float $419.24 $372.64 $240.00 $184.17
Shoreline $104.03 $101.12 $ 88.97 $ 49.84
Big Hole
Total Sample $303.07 $278.85 $200.00 $136.02
Fish/Float $308.09 $281.91 $199.22 $133.40
Float Angler $315.29 $296.04 $222.48 $170.66
Shorefish $281.95 $253.48 $172.86 $ 92.50
valuation technique. The mean net economic value per trip averaged across 17 of 
the rivers was $117. The net economic value based on the complete sample of 19 
rivers was estimated to be $90 74. The logit estimates varied across rivers. For 
the Bitterroot river, Duffield and Allen reported the mean willingness to pay per 
fishing trip, truncated at the $500 bid level, to be $58.83 while the median equal to 
$9.19 per trip. Their estimated mean value for a fishing trip on the Big Hole river 
was $217.77 with a median value equal to $103.25 per trip.
Neher (1989) developed a regional travel cost model that estimated the per 
day net values for a fishing day on the Bitterroot to be $56.34, and $237.84 for the 
Big Hole fishing trip. Neher s site specific regression equations produced benefit
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Table 6 -3 ; Consumer Surplus per Recreation Trip-ISIonparametric
Bid Level $2000
River Mean Variance Std Dev N L95 U95
Bitterroot
Total $283.99 7291.97 85.39 270 $117 $451
Fish/Float $368.69 14345 27 119.77 131 $134 $603
Shoreline $129.98 1340.79 36.62 138 $ 58 $202
Big Hole 
Total $349.42 1413.74 37.60 528 $276 $423
Fish/Float $354.60 1551.15 39.38 487 $277 $432
Shoreline $195.54 2049.23 45.27 41 $107 $284
Float Angler$303.25 2351.20 48.49 250 $208 $398
Shorefish $400.73 3341.23 57.80 278 $287 $514
Note: Std Dev= standard error of the estimated mean  
N= sample size
U95, 195= upper and lower values of .05 confidence interval.
estimates for the Bitterroot angler sample of $63.54 per day These estimates  
were derived from  a questionnaire mailed to a sample of fishing license holders  
each month during a four-year period from 1982 -1985 . The difference in estimated  
values between this study and Neher's may be attributed to the alternative  
valuation techniques, travel cost versus contingent valuation and to the sampling  
strategies, onsite sampling versus mail surveys.
The mean values calculated using numerical integration in this analysis for a 
Bitterroot fishing trip, including shoreline fishing or float fishing, were $240 per trip
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Table 6-4: Consumer Surplus per Recreation Trip-Nonparametric
Bid Level $500
River Mean Variance Std Dev N L95 U95
Bitterroot
Total $108.49 280.72 16.75 230 $ 76 $141
Fish/Float $127.58 680.70 26 09 107 $ 76 $179
Shoreline $ 85.53 365.56 19.12 123 $ 48 $123
Big Hole
Total $207.24 258.27 16.07 373 $175 $239
Fish/Float $204.85 282.77 16.82 342 $172 $238
Shoreline $195.54 2049.23 45.27 31 $107 $284
Float Angler$174.84 433.05 20.81 175 $134 $216
Shorefish $240.00 554.65 23.55 198 $194 $286
at the $500 truncation level with a median value of $184.17. These estimé
value per trip from the onsite sample are four times as large as the Bitterrot trip 
values estimated at the same truncation level by Duffield and Allen from their mail 
survey of licensed anglers. The mean estim ate of $199.22 per trip for the Big Hole 
at the $500 truncation level and the median value of $133.40 are very close in 
value to the trip estimates of Duffield and Allen.
The means estimated for an angler recreation trip using Duffield and 
Patterson's nonparametric method were $127.58 for the Bitterroot with a standard 
error of 26.09 and $204.85 for the Big Hole with a standard error of 16.82. The 
mean estimated for the Bitterroot in Duffield and Allen's contingent valuation study
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does not lie within the 95 percent confidence interval constructed around this 
studies mean value. However, the Big Hole estimates of Duffield and Allen do lie 
with in the confidence interval implying that the estimated means are not 
significantly different. Duffield and Allen's results are based on data collected from  
a mail survey of licensed fishermen.
6.1.2. Instream Flow Trust Fund Consumer Surplus Measures
The net economic value of an annual trust fund membership, for the purpose 
of purchasing water for the enhancem ent of instream flows on the Bitterroot river 
and the Big Hole river, were calculated for the total sample. Three estimates of 
the expected net value for an annual trust fund membership for direct users were  
derived. Two estimates of the mean value were calculated using the integration  
technique and the nonparametric method. The median of the distribution was also 
estimated.
The sample frame for the trust fund membership question was the typical or 
average user. A problem arose in using the onsite variable means in transforming  
the multivariate equations. By virtue of the sampling method, these estimates  
were biased toward frequent users Therefore, it was necessary to obtain variable 
means for the average user from  the mail survey designed for this study and from  
the Angler Preference mail survey (Duffield and Allen, 1988).
The Bitterroot and Big Hole instream flow equations in tables 5 -10  and 5-11  
were estimated at the means of the average river user. The resulting equations.
A p p e n d ix  C co n ta in s  a list o f  th e s e  a v e ra g e  user va r iab le  m ean s
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expressing the probability of buying a trust fund membership as a function of the  
bid level asked, are listed below in Table 6 -5 . Tables 6 -6  and 6 -7  summarize the 
results of the benefit estimation for the trust fund dichotomous choice responses  
using integration and nonparametric methods.
Table 6-5: Instream Flow Equations Evaluated at Average
User Means
River Logistic Equation
Bitterroot Log(P/(1-P))= 1.8727-,78648 LNBIDF
Big Hole Log(P /(1-P))=1.9598-.70126 LNBIDF
Table 6-6: Trust Fund Consumer Surplus-lntegration Technique
River Mean truncated Mean truncated Median of the
at $1000 at $500 Distribution
Bitterroot $ 77.51 $ 59.63 $10.82
Big Hole $119.70 $ 86.82 $16.36
Table 6-7: Trust Fund Consumer Surplus-Nonparametric Method
Upper Bid Level=$1000
River Mean Variance Std Dev N L95 U95
Bitterroot $ 69.36 326.80 18,08 270 $33.92 $104.80
Big Hole $133.84 383.83 19.59 527 $95,44 $172.24
The results indicate no significant difference between the means estimated
using numerical integration and the means estimated using Duffield and
Patterson's technique. The variation between the tw o  sites indicated a lower mean  
value for the Bitterroot trust fund compared to the Big Hole estimate. One
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explanation for this difference is the activity share that comprised each river 
sample. A greater percentage of fishing and floating activities occured on the Big 
Hole river as compared to the Bitterroot. Participation in these activities depends 
on adequate flow levels remaining instream. Therefore, the value of a trust fund 
membership for preserving the river flows may be larger for fishing and floating 
recreation than for shoreline recreation.
6.2. W illingness to Pay Per Acre Foot of W ate r-T ru st Fund Method
The first method used to estimate the recreation value per acre foot ($/AF) 
of w ater on the tw o rivers utilized the benefit estimates for an annual trust fund 
membership to ensure the adequacy of the specific river's flow levels. The 
average value of an acre foot of w ater for recreation was calculated by dividing 
the total value of a trust fund by the required annual flow increment needed to 
maintain preferred flow levels. The first subsection shows the derivation of the 
amount of additional water needed to maintain average preferred flows. The total 
value of an annual trust fund membership and the calculated average value of 
water for recreation purposes are included in the second subsection.
6.2.1. Monthly Preferred Flow Level Estimation
The study design incorporated a method of determining the acre feet needed 
to arrive at preferred flow levels. The trust fund membership was described to the 
respondent as an annual payment for the purpose of purchasing water to be 
released instream to assure that flow levels would be at the individual's preferred 
flow level. Each respondent was asked whether a higher or lower than current
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flow level would be preferable. The responses were recorded as inches higher, 
HIFLOW, or inches lower, LOFLOW. If the respondent liked the current level of flow, 
the variables HIFLOW and LOFLOW were recorded as zero. The variables HIFLOW 
and LOFLOW were converted from inches to feet, HIF and LOF. The individual's 
preferred flow level was calculated as the current stage height plus the number of 
feet higher, PRFHI, or the stage height in feet minus the number of feet lower, 
PRFLO. If the respondent liked the current flow level, the current stage height, 
STAG3, was recorded as the preferred stage height STAGS.
Monthly averages for preferred lower flow levels, PRFLO, preferred higher 
flow levels, PRFHI, and actual stage height, STAGS were calculated and are 
recorded in Table 6 -8 . The following table reports the number of subjects  
preferring current flows, NCUR, and the average stage height ,STAGS, the number  
of respondents who preferred higher than current flow levels, NHI, and their 
average preferred higher flow level, PRFHI, and the number of respondents who 
preferred lower than current flow levels, NLO, and their average preferred lower  
flow level for their group, PRFLO. A weighted average was then computed to 
determine a monthly average preferred stage height for each river. The monthly  
average preferred stage height was converted to average preferred discharge (CFS) 
by month. In order to make this conversion, regression equations were estimated  
for each river with the average stage height (STAGS) regressed on the average  
discharge (DSCRG). Table 6 -9  shows the regression results for each river.
The total amount of w ater needed each month to attain preferred flow levels 
was calculated three ways. The monthly preferred flow levels were compared to 
the average experienced monthly flows, to a 60 year historical average, and to a 
20 year historical record of monthly average.
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Table  6-8: Average Higher, Lower, or Current Preferred Flow Levels
MONTH NCUR STAG3 NHI PRFHI NLO PRFLO
May 36 5.13 2 7.52 17 3.49
June 49 4.73 4 5.22 26 3.77
July 109 2.55 45 3.61 2 1.72
August 14 1.99 9 - 0 3.95
May 60 3.32 5 4.20 29 1.76
June 208 2.79 74 4.21 27 1.82
July 55 2.03 53 3.15 1 1.11
August 17 1.52 50 3.48 0 _
Table 6-9: Regression Equations Relating Discharge to Guage Height
Bitterroot DSCRG = -1962 .23434  + 981.772306 STAG3
R squared=.94538
Big Hole DSCRG = -1207.38901 + 700.065546 STAG3
R squared=.92258
From the onsite data, the average discharge level experienced each month, 
AVECFS, was determined. By subtracting this monthly CFS average from the 
average preferred CFS for each month, the additional CFS needed to attain monthly  
preferred flow levels was determined. The results are shown in Table 6 -1 0 .
A 60-year historical record of monthly flow levels at the Darby and Melrose  
recording stations was available from the Geological Survey in Helena, MT. This 
information was not available for the Bell Crossing and Wise River recording 
stations. However, an estim ate of the 6 0 -year  historical record of monthly flow
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levels between the Darby and Bell Crossing recording stations on the Bitterroot 
and between the Melrose and Wise River recording stations on the Big Hole could 
be determined using information on the ratio of 1988 flows between each station.
By dividing the 1988 July and August average of Melrose and Wisdom  
discharge levels by 1988 average discharge at Melrose, an estimate of the ratio of 
average July and August flow levels between the two stations was obtained. This 
ratio was multiplied by the 60-year historical monthly discharge averages at the 
Melrose recording station to obtain an estimate of the 60-year historical average  
by month between the tw o stations. The same technique was used to estimate  
the 60 -year  historical average between the Darby and Bell Crossing stations. An 
estimate of additional CFS needed to reach preferred flow levels was determined  
to be the deviation of the 60-year historical estimate from the monthly preferred  
flow average.
The third comparison was made between the monthly preferred flow levels 
and the 20 -year  historical average by month.^ It was determined that extra w ater  
was needed in 7 of the 20 years in July and all 20 years in August on the 
Bitterroot to meet preferred flows. On the Big Hole, w ater was needed in 8 of the 
20 years in July and all 20 years in August. For each river, the average cfs needed  
to meet preferred flows in July and August was estimated. Table 6 -11  
summarizes these results for each month on the Bitterroot and Big Hole rivers. 
For each of the four months, the acre feet of w ater needed in order to attain these  
preferred flow levels was determined by converting the additional CFS needed to
^ A p p e n d ix  C c o n ta in s  d a ta  on  the  20  year m o n th ly  Ju ly  and A u g u s t  a v e ra g e s  fo r  ea c h  stat ion .
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acre feet.®
It should be noted that 1988 was a drought year. Using experienced 1988 
CFS to derive the estimate of acre feet needed to attain preferred flow levels, may 
overstate the w ater needed on an average annual basis. The calculations of the 
A -F  value based on historical deviation below preferred may be a more appropriate 
estimate. Comparison to the 60 year historical average, indicated that additional 
water was only needed in the month of August on the Big Hole and Bitterroot 
rivers. By comparing the monthly preferred flows to the historical monthly  
averages in the past 20 years, it was found that w ater was needed in both July 
and August on each rivers. The average 20 year deviation from preferred was  
used in the estimation of total additional acre feet needed on each river.
A total of 32,127 additional acre feet would be needed in July and August on 
the Bitteroot in order to attain preferred flows for those months. For the Big Hole 
43,115 additional acre feet were needed for the months of July and August.
6.2.2. Total Value of an Annual Trust Fund and Value per Acre Foot
The total value of an annual trust fund membership for each river was 
determined by multiplying the mean consumer surplus estimates by the total 
summer users on each study section. The estimated May through August angler 
use in the river study sections was derived from the Montana Dept of Fish, 
Wildlife, and Parks Angler survey. The Bitterroot study section was about 19.5 river 
miles, with a density of 326.7 anglers per m ile-year. The Big Hole study section
®The fo l lo w in g  a lg o r i th m  used was:  Acre fee t  per d ay  = A d d it io n a l  CFS needed  1 983471 days
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Table 6-10: Additional CFS Needed-Experienced Flow Levels
River
Bitterroot
Big Hole
Month AVERAGE AVERAGE AVERAGE ADDITIONAL
PREFERRED PREFERRED EXPERIENCED CFS
HEIGHT DISCHARGE DISCHARGE NEEDED
(feet) (cfs) (cfs) (cfs)
May 4.80 2750.27 2953.00 -
June 4.44 2396.83 2779.00 -
July 2.85 836.00 462.00 373.6
August 2 76 747.45 216.00
Total AF 
needed
531.32
= 55,643 AF
May 2.89 816 1160.27 -
June 3.05 928 708.20 219.80
July 2.57 592 168.16 423.84
August 2.98 879 52.05 826.76
Total AF 
needed = 89.975 AF
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Table 6-11: Additional CFS Needed-Historical Flow
River
Bitterroot
May
June
July
August
Big Hole 
May 
June 
July 
August
Average
Preferred
(cfs)
2750
2396
836
747
816
928
592
879
Estimated
Historical
(cfs)
2534
2692
852
318
Total AF 
needed
1839
2176
722
257
Total AF 
needed-
Deviation Average 20 Year
from Monthly Deviation from  
Historical Preferred
206
429
622
176
306
=26,378 AF 29,641 AF
103
598
38,245 AF 43,075 AF
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between Wise River and Glen was about 52 river miles in DFWP river sections 1 
and 2 with an angler density of 392.5 angler days per m ile-year This implies 
there are approximately 6371 angler days in the Bitterroot study section and 20,411 
angler days in the Big Hole study section throughout the year.
Hagmann (1973) estimated that angler summer use makes up approximately  
65 percent of the total angler river recreation use per year.^ Using this percentage  
estimate, angler summer use days would be 4141 angler days on the Bitterroot and 
13,267 angler days on the Big Hole.
The onsite sample provided an estimate of the ratio of anglers to total users 
on each river. Anglers made up 39.6 percent of the Bitteroot onsite sample and 
86.9 percent of the Big Hole sample. Consequently, the estimated total summer  
days of use on each river including all activities would be 10,457 on the Bitterroot 
and 15,267 on the Big Hole.
To arrive at an estimate for the total number of summer users on each river, 
the total sum m er use day estimates w ere divided by the average number of days 
per year spent at each river. From the mail survey, it was determined that the 
average user spent 5.64 recreation days per year on the Bitterroot and 4.10 days 
per year on the Big Hole. The total sum m er season river users on the study 
sections would then equal 1854 on the Bitterroot and 3724 on the Big Hole.
The total value of a trust fund, calculated by multiplying the consumer  
surplus measures by the total number of summer users in the study sections, are 
shown in Table 6 -1 2  below. The average value per acre foot of w ater for
^Th is  e s t im a te  w a s  based on th e  rat io  of M ay  th ro u g h  A ugust use per year for the Clark Fork River
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recreation purposes was estimated by dividing the total value of the trust fund by
the estimated total acre feet needed to maintain preferred flows, shown in Table
6-13 . Comparison between the two sites shows that the average value per acre 
Table 6-12: Total Value of an Annual Instream Flow Trust Fund
Mean Mean Nonparametric
River at $1000 at $ 500 Median Mean
Bitterroot $148,616.64 $115,300.26 $23,119.38 $128,649.06
Big Hole $445,762.80 $323,317.68 $60,924 64 $498,420.16
Table 6-13: Average Value of Water per Acre Foot for Recreation
Mean Mean Nonparametric
River at $1000 at $ 500 Median Mean
Bitterroot $ 5.01 $ 3.89 $ ,78 $ 4.34
Big Hole $10.34 $ 7.50 $ 1.41 $11.57
foot for recreation is larger on the Big Hole than the Bitterroot, One explanation 
for this difference is that individuals, who recreate on the Big Hole, tend to take 
more trips and have higher income levels than Bitterroot recreators These factors 
may combine to make the Big Hole average values per acre foot larger than the 
Bitterroot values.
Using a regional travel cost model, Neher (1989) estimated the average value 
of flows for 1985 on 19 Montana rivers to be $2 83 acre/foot. The estimate was 
derived by dividing total value for fishing trips by the total acre feet of water in 
the river on a yearly basis. In comparison, this analysis was based on a river-  
specfic contingent valuation model for summer months only, rather than based on 
a full year. As previously noted, the total value of a trust fund membership
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includes both direct and indirect use values. Therefore, the average value per acre 
foot would be expected to be larger due to the inclusion of both direct and 
indirect elements.
6.3. Total and Marginal Value per Acre F o o t- Current Trip Method
The second method used to estimate the dollar value of an acre foot of 
water for instream purposes involved the analysis of the effect of varying flow  
levels on the quality of the recreational experience. The change in net values for a 
recreation trip associated with a change in instream flow levels was estimated in 
order to derive the direct marginal values for instream flows for recreational use.
The level of daily river flow significantly affected the current trip valuation of 
Bitterroot river recreators. A significant relationship between Big Hole current trip 
demand and flow levels was not found. Therefore, only the effect of varying flow  
levels on the Bitterroot current trip value could be assessed. The total and 
marginal values of instream flow are illustrated for the Bitterroot total sample, 
f ish/float subgroup and shoreline subgroup results.
As shown above in section 6.2.2, total days of use on the river section during 
the sum m er season was calculated to be 10,547. There were 123 days of use in 
the sampled months. The total use days, therefore, would be approximately 85.02 
days.
Using the onsite sample ratio of anglers and shoreline recreators to total 
users, the estimated number of angler use days and shoreline use days were  
determined for May through August. Table 6 -1 4  below displays these results.
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Table 6-14: Bitterroot Total Recreation Days of Use and Total Trips
Estimated May-Aug. Days 10457
of Total Use
Average Use/Day in Study 85.02
Section (123 day season)
Estimated May-Aug. Days 4141
of Angler Use
Estimated May-Aug. Days 6316
of Shoreline Use
Average Days/Trip 1.453
(total onsite sample)
Total Users Total Trips 7197
(M ay-August)
Angler Users Total Trips 2850
(M ay-August)
Shoreline Use Total Trips 4347
(M ay-August)
To determine the marginal value of an acre foot of water for recreation at 
various flow levels, a relationship between willingness to pay and flow levels was 
derived. In order to identify a WTP(flow) relationship, the basic logistics regression 
model was reparameterized to identify an inverse Hicksian demand function for 
recreational trips that incorporates flow as a covariate. The derivation of a 
WTP(flow) relationship is illustrated for the Bitterroot total sample results.
Following Duffield's reparameterization technique, an inverse Hicksian 
demand function, with the welfare measure based on the mean of the underlying 
willingness to pay distribution was calculated for the total sample, for the fish/float 
subgroup and for the shoreline subgroup. The percentile of the distribution (p*) 
associated with the total sample mean willingness to pay estimate at $2000  
truncation level, $244.38, was p '= 2525. For the fish/float subgroup the estimated
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mean value, $419.24, is associated with p -=.28496. The shoreline subgroup had a 
mean value of $104.03 and p -=.24796.
The reparameterization of the Bitterroot logistics equations from Table 5 -5  
based on the mean of the distributions, is shown below. Equations 6, 7, and 8 
show the resulting equations for the total Bitterroot sample and the two recreation  
subgroups.
TOTAL BITTERROOT SAMPLE
WTP = exp(-7.98564/1.245) * (p * / ( 1-p*))''^^^ 2451 
* T R I  P S  3 5 7 9 8 6 / 1 . 2 4 5 )  * - j - p | p - p | ^  ( . 6 7 9 5 2 / 1 . 2 4 5 )
- - D S C R G ^ ' ^ ^ ^ 2 / 1  2 4 5 )
(6 )
BITTERROOT FISH/FLOAT SUBGROUP
WTP = EXP(-5.86118/1.11838) " (p*/(1-p*))"^^^^^
" I N C 0 M E ^ 2 7 9 6  * TRIPTM 20611 * DSCRG'*229
BITTERROOT SHORELINE SUBGROUP
WTP = e x p (-1 6 .16394/1.5079)  ̂ ( p V ( 1-p * ) ) ' '^ 2i 5079)
- T R I P S F ' (  6 1 0 8 2 / 1  5 0 7 9 )  *  I N C O M E * ^  6 1 6 9 / 1  5 0 7 9 )
"  D S C R G *  2 6 7 4 / 1  5 0 7 9 )
(7)
(8)
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To analyze individual valuation of instream flows, the estimated equations 6, 
7, and 8 were expressed solely as a function of flow. The equations were restated 
with all variables evaluated at their mean values and p set equal p*.
TOTAL SAMPLE
WTP = 15.99 *
(9)
FISH/FLOAT SUBGROUP
( 10 )
SHORELINE SUBGROUP
WTP = 3.168289 * DSCRG*^“^^^’
( 11 )
Equations 9, 10 and 11 represent the value per recreation trip to the Bitterroot. To 
derive value/day estimates, each equation was divided by the average days/trip, 
1.453 days on the Bitterroot.
TOTAL SAMPLE
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WTP ($/DAY) = 11.0048 *  DSCRG*^^"*^'
( 12)
FISH/FLOAT SUBGROUP
WTP (S/DAY) = 10.6395 " DSCRG*
(13)
SHORELINE SUBGROUP
WTP (S/DAY) = 2.1805 * DSCRG'^®229)
(14)
The marginal values per acre foot (W TP/A-F/day) at various flow regimes  
were estimated by taking the derivatives of equations 12, 13 and 14 with respect 
to flow (CFS), and dividing by a conversion factor of 1.983471, shown in equations 
15, 16 and 17.
TOTAL SAMPLE
=2.07782(DSCRG ($/day/AF)
(15)
FISH/FLOAT SUBGROUP
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^=2.3489(DSCRG"^G35) (s/day/AF)
(1(5)
SHORELINE SUBGROUP
(^ % g g ^ ^ = .5 5 2 3 1 7 (D S C R G - ' '^ ^ ^ )  (S/day/AF)
(17)
The total and marginal values for the Bitterroot total sample, including all 
recreation activities, are presented in Table 6 -1 5 . The estimates for the total and 
marginal values for the fish/float subgroup and shoreline recreators at each flow  
level are shown in Table 6 -1 6  and 6 -1 7  below. The onsite sample was collected 
at a range of f low levels between 100 CFS and 3000 CFS. The site benefits and 
acre feet values w ere determined for this range.
Column 2 of the tables 6 -15 , 6 -1 6  and 6 -1 7  shows the value per recreation 
day for a representative individual river recreator and for the individual fish/float 
and shoreline recreator assuming an average use/day of 85.02 total visits, 33.67 
f ish /float visits, and 51.35 shoreline trips per day. For all recreation activities 
combined and for the two subgroups, the total value per day increases throughout 
the range of instream flow quantities. The average value at each flow level was  
estimated to be aggregate total value divided by total volume of flow in acre feet. 
Average values and marginal values per day for an acre foot of water are 
summarized in columns 4 and 5. For this range of flow levels, the average value 
and marginal value are both positive and decreasing. Marginal value is less than
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average value at all levels. This indicates that total value modelled by this data 
set lies on the total value curve between the flow values where average value is 
maximum and where total value is maximum (e.g. where marginal value equals 
zero).
The marginal value per acre foot for fish/float individuals is greater than the 
marginal value computed for the shoreline subgroup. This indicates that 
individuals, participating in recreation directly involving use of instream flows, 
place a higher value on an acre foot of water for recreation as compared to 
recreation not directly involving the level of river flows.
The final two tables, 6 -1 8  and 6 -1 9 , show the total and marginal values for 
the Bitterroot and Big Hole total samples estimated from the total recreational 
benefit model which incorporates both the quantity and quality effects of flow  
changes. The total benefits models for each river may be written;
BITTERRROOT RIVER
T = (12.32*NSAMPLE) * (15.99/1.453 " (DSCRG^^'*^^))
where
NSAMPLE= 7.103 + .0G634*DSCRG -3.655E-06*(DSCRG^) + 4 37E-10"(DSCRG^) 
BIG HOLE RIVER
T = [10.82*NSAMPLE] * [303.47/2.28]
w here  ;
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NSAMPLE = 6.022 + .0275*DSCRG -  1.495E-05*(DSCRG^)
Note: NSAMPLE is the estimated number of daily users interviewed.
The first expression represents the total use per day. With only one person 
conducting the interviews, it was impossible to interview every recreator along the 
entire length of the river. NSAMPLE, interviewed users per day, is multiplied by a 
sample fraction to estimate total users per day on each river. The sample fraction  
for each river was the ratio of on-s ite  survey average observed users per day to 
the average use per day in the study section. 85.02 to 6.90 (or 12.32) for the 
Bitterroot and 124.12 to 11.47 (or 10.82) for the Big Hole.
The second expression in the Bitterroot equation is the inverse Hicksian 
demand equation for the current trip. In the Big Hole equation, the second value is 
the mean willingness to pay per day derived from the current trip logistics 
equation. Mean willingness to pay per day was calculated as the mean willingness 
to pay per trip divided by estimated days per trip.
By taking the derivative of the total value functions with respect to the flow  
variable, a marginal value function may be identified. This marginal value of 
instream flows for recreation is comprised of two identifiable components, the 
quality effect and the quantity of use effect, both in marginal terms.
BITTERROOT RIVER
dT/dDSCRG =
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d(12.32’̂ NSAMPLE)/d(DSCRG)/1.983 * [15.99/1.453 * (DSCRG
[quantity effect]
+ (12.32*NSAMPLE) * ( .3745*15.99*(DSCRG^^^^^)/( 1.983* 1.453))
[quality effect]
BIG HOLE RIVER
DT/DDSCRG = d(10.82*NSAMPLE)/d(DSCRG)/1.983 ■ (303.07/2.28)
[quantity effect]
+ [10.82 * NSAMPLE] * d(303.07/2.28)/d(DSCRG)
[quality effect]
The results show that inclusion of the quantity of use variation due to flows  
affects the total and marginal value results. An optimal flow level for recreation  
may be identified using these results. Optimal benefits for recreation on the 
Bitterroot occurs between 1600 and 1700 CFS. For the Big Hole the maximum  
value for a recreation trip occurs between the flow levels of 900 CFS and 950 CFS
6.4. Value Comparisons
The river recreation marginal value functions, generally consistent with  
conventional economic theory, exhibit negative slopes. For example, if the 
Bitterroot River flow is low (100 CFS), the recreation marginal value is relatively  
large, but it approaches zero as instream flows continue to increase. In the
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Table 6-15: Estimated Total & Marginal Values of Instream Flows
for Ail Activities, Bitterroot River, MT, 1988
[Quality Effect Only]
125
Total Value Average Marginal Value
Individual Aggregate* Value Individual Aggre
DSCRG (WTP/day) (WTP/day) (WTP/AF/day) (WTP/AF/day)
100 61.74 5249.13 24.67 .1166 9.91
200 80.04 6805.00 17.16 .0756 6.43
300 93.17 7921.31 13.32 .0587 4.99
400 103.77 8822.53 11.12 .0490 4.17
500 112.81 9591.10 9.67 .0426 3.62
600 120.78 10268.72 8.63 .0380 3.23
700 127.96 10879.16 7.84 .0345 2.94
800 134.52 11436.89 7.21 .0318 2.70
900 140.59 11952.96 6.70 .0295 2.51
1000 146.25 12434.18 6.27 .0276 2.35
1100 151.56 12885.63 5.91 .0260 2.21
1200 156.58 13312.43 5.59 .0246 2.10
1300 161.34 13717.13 5.32 .0234 1.99
1400 165.89 14103.97 5.08 .0224 1.90
1500 170.23 14472.95 4.87 .0214 1.82
1600 174.39 14826.64 4.67 .0206 1.75
1700 178.40 15167.57 4.50 .0198 1.68
1800 182.26 15495.75 4.34 .0191 1.63
1900 185.98 15812.02 4.20 .0185 1.57
2000 189.59 16118.94 4.06 .0179 1.52
2100 193.09 16416.51 3.94 .0174 1.48
2200 196.48 16704,73 3.83 .0169 1.43
2300 199.78 16985.30 3.72 ,0164 1.39
2400 202.99 17258.21 3.63 .0160 1.36
2500 206.12 17524.32 3.53 .0156 1.32
2600 209.17 17783.63 3.45 .0152 1.29
2700 212.14 18036.14 3.37 .0148 1.26
2800 215.05 18283.55 3.29 .0145 1.23
2900 217.90 18525.86 3.22 .0142 1.21
3000 220.68 18762.21 3.15 .0139 1.18
' Based on 85.02 total use per day in the study section.
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Tab le  6-16: Estimated Total & Marginal Values for Instream Flow 
for Fisfiing and Floating Subgroup, Bitterroot River,
MT, 1988 
[Quality Effect Only]
1 2 6
Total Value Average Marginal Valu
Individual Aggregate* Value Individual Aggi
DSCRG (WTP/day) (WTP/day) (WTP/AF/day) (WTP/AF/day)
100 116.14 3910.43 19.72 .1760 5.93
200 157.33 5297.30 13.35 .1195 4.02
300 187.90 6326.59 10.63 .0952 3.21
400 213.12 7175.75 9.04 .0810 2.73
500 235.00 7912.45 7.98 .0714 2.40
600 254.53 8570.00 7.20 .0645 2.17
700 272.31 9168.68 6.60 0591 1.99
800 288.70 9720.53 6.13 .0548 1.85
900 303.99 10235.34 5.73 .0513 1.73
1000 318.34 10718.50 5.40 .0484 1.63
1100 331.91 11175.41 5.12 0458 1.54
1200 344.80 11609.42 4.88 .0437 1.47
1300 357.10 12023.56 4.66 .0417 1.41
1400 368.88 12420.19 4.47 .0400 1.35
1500 380.19 12801.00 4.30 .0385 1.30
1600 391.09 13168.00 4.15 .0371 1.25
1700 401.61 13522.21 4.01 .0359 1.21
1800 411.79 13864.97 3.88 .0348 1.17
1900 421.66 14197.29 3.77 .0337 1.14
2000 431.23 14519.51 3.66 0328 1.10
2100 440.55 14833.32 3.56 .0319 1.07
2200 449.61 15138.37 3.47 0311 1.05
2300 458.45 15436.01 3.38 .0328 1.02
2400 467.07 15726.25 3.30 .0296 1.00
2500 475.50 16010.09 3.23 .0289 ,97
2600 483.74 16287 53 3.16 .0283 95
2700 491.80 16558.91 3.09 .0277 93
2800 499.69 16824.56 3.03 .0271 91
2900 507.43 17085.17 2.97 0266 90
3000 515.02 17340.72 2.91 .0261 88
■Based on 33.67 fish/float users per day in the study section
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Table 6-17: Estimated Total & Marginal Values for Instream Flow
for Shoreline Recreation, Bitterroot River, MT, 1988
[Quality Effect Only]
Total Value Average Marginal Valu
Individual Aggregate* Value Individual Aggi
DSCRG (WTP/day) (WTP/day) (WTP/AF/day) (WTP/AF/day)
100 22.04 1131.55 5.71 .0558 2.87
200 31.24 1602,80 4.04 .0395 2.03
300 38.26 1964.84 3.30 .0323 1.66
400 44.21 2270.30 2.86 .0280 1.44
500 49.46 2539.57 2.56 .0251 1.29
600 54.20 2783.12 2.34 .0228 1.17
700 58.56 3007.17 2.17 .0212 1.09
800 62.62 3215.78 2.03 .0198 1.02
900 66.44 3411.77 1.91 .0187 .96
1000 70.05 3597.19 1.81 .0177 .91
1100 73.49 3773.59 1.73 .0169 .87
1200 76.77 3942.17 1.66 .0162 83
1300 79.92 4103.89 1.59 .0156 .80
1400 82.95 4259.53 1.53 .0150 .77
1500 85.88 4409.73 1.48 .0145 .74
1600 88.71 4555.02 1.44 .0140 .72
1700 91.45 4695.86 1.39 .0136 .70
1800 94.11 4832.63 1.35 .0132 .68
1900 96.70 4965.67 1.32 .0129 .66
2000 99.23 5095.27 1.28 .0126 .65
2100 101.69 5221.68 1.25 .0123 .63
2200 104.09 5345.13 1.23 .0120 .62
2300 106.44 5465.82 1.20 .0117 .60
2400 108.74 5583.92 1.17 .0115 .59
2500 111.00 5699.59 1.15 .0112 .58
2600 113.20 5812.99 1.13 .0110 .57
2700 115.37 5924.23 1.11 .0108 .56
2800 117.50 6033.45 1.09 .0106 .55
2900 119.59 6140.74 1.07 .0104 .54
3000 121.64 6246.20 1.05 .0103 .53
"Based on daily use estimate of 51.35 shoreline users in study 
section.
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Table 6-18: Estimated Total & Marginal Values of Instream Flow
for Ail Activities, Bitterroot River, 1988
[Quality & Quantity Effects]
PREDICTED TQTAL VALUE QUANTITY QUALITY MARC
DSCRG USE/DAY PER DAY EFFECT EFFECT VALU!
100 94.87 5857.52 2.16 11.06 13.22
200 101.36 8113.32 2.45 7.66 10.11
300 107.02 9970.77 2.47 6.28 8.74
400 111.87 11608.56 2.33 5.48 7.82
500 115.95 13080.77 2.11 4.94 7.05
600 119.30 14408.81 1.82 4.54 6.35
700 121.93 15602.33 1.48 4.21 5.69
800 123.89 16666.19 1.11 3.93 5.04
900 125.21 17603.19 .72 3.69 4.41
1000 125.92 18415.31 .31 3.48 3.78
1100 126.05 19104.37 -  .11 3.28 3.17
1200 125.64 19672.31 -  ,53 3.10 2.56
1300 124.71 20121.34 -  .95 2.92 1.97
1400 123.30 20454.05 -1 .37 2.76 1.39
1500 121.45 20673.44 -1 .78 2.60 83
1600 119.17 20782.90 -2 .17 2.45 .28
1700 116.52 20786.30 -2 .55 2.31 -  .24
1800 113.51 20687.86 -2 .92 2.17 -  .74
1900 110.18 20492.27 -3 .26 2.04 -1 .22
2000 106.57 20204.57 -3 .58 1.91 -1 .67
2100 102.70 19830.19 -3 .88 1.78 -2 .10
2200 98.61 19374.95 -4 .15 1.66 -2 .49
2300 94.33 18844.99 -4 .40 1.55 -2 .85
2400 89.89 18246.81 -4.61 1.44 -3 .18
2500 85.33 17587.23 -4 .80 1.33 -3 .47
2600 80.67 16873.40 -4 .95 1.23 -3.72
2700 75.95 16112.75 -5 .07 1.13 -3 .94
2800 71.21 15313.03 -5 .15 1.03 -4.12
2900 66.46 14482.26 -5 .20 .94 -4.25
3000 61.76 13628.73 -5 .20 .86 -4 .35
*Based on the daily use estimate inflated by a factor of 12.82
**Based on estimated mean value per day multiplied by 
estimated use.
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Table 6-19: Estimated Total and Marginal Value-Quality & 
Quantity Effects, Big Hole River, 1988
PREDICTED TOTAL VALUE QUANTITY G
DSCRG USE/DAY* PER DAY** EFFECT*** E
50 79.63 10584.63 18.86 0
100 93.29 12400.87 17.78 0
150 106.15 14109.63 16.69 0
200 118.19 15710.91 15.61 0
250 129.43 17204.72 14.52 0
300 139.86 18591.04 13.44 0
350 149.48 19869.89 12.36 0
400 158.29 21041.26 11.27 0
450 166.30 22105.16 10.19 0
500 173.49 23061.57 9.10 0
550 179.88 23910.51 8.02 0
600 185.46 24651.97 6.94 0
650 190.23 25285.95 5.85 0
700 194.19 25812.45 4.77 0
750 197.34 26231.48 3.68 0
800 199.68 26543.03 2.60 0
850 201.22 26747.10 1.52 0
900 201.95 26843.69 .43 0
950 201.86 26832.81 -  .65 0
1000 200.97 26714.45 -  1.74 0
1050 199.27 26488.61 -  2.82 0
1100 196.77 26155.29 -  3.90 0
1150 193.45 25714.49 -  4.99 0
1200 189-33 25166.22 -  6.07 0
1250 184.39 24510.47 -  7.16 0
1300 178.65 23747.24 -  8.24 0
1350 172.10 22876.53 -  9.32 0
1400 164.74 21898.35 -10.41 0
1450 156.57 20812.68 -11 .49 0
1500 147.60 19619.54 -12 .58 0
•Based on a daily use estimate inflated by a factor of 10.82. 
Based on a mean willingness to pay estimate of $132.93.
*The quantity effect is equivalent to the marginal value on the 
Big Hole.
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models that include only the quality effect, marginal value does not reach zero 
because the current trip model specifications are linear with respect to the flow  
variable. However, in the total recreational benefit models that incorporate both 
the quality and quantity effects of varying flows, marginal value does reach zero  
allowing the identification of optimal flow (e.g. where total value for instream flows  
reaches a maximum).
Comparisons may be made between the estimates of value per acre foot of 
water for recreation derived in this analysis and the values estimated in related 
studies. Narayanan (1986) developed a demand model for recreation that 
incorporated flow. He combined the travel cost approach with visitor survey 
information on expected reduction in visitations corresponding to hypothetical 
changes in instream flows and derived a marginal benefit curve for instream flow. 
With this model, Narayanan estimated the total recreation marginal flow benefits  
($/acre foot) on the Blacksmith Fork River to be $.42 per acre foot at the mean  
flow of 104.76 CFS for July, August and September for 1951-1970. Marginal 
benefits ranged from $.013 per acre foot at 159.38 CFS to a maximum of $.86 per 
acre foot at 79.7 CFS.
Our model for total use on the Bitterroot, determined by the change in trip 
quality due to a flow variation holding use level constant, equation 15, would  
predict a marginal value for river recreation of $.134 at 80 CFS and $.087 at 160 
CFS. The Big Hole total value model, incorporating a quantity effect due to flow  
and a constant trip value of $132, equation 19, would estimate marginal value of 
$.207 per acre foot at 80 CFS and $.152 per acre foot at 160 CFS.
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Narayanan's marginal value estimates greatly  fluctuate due to small changes 
in the level of f low  as compared to the Bitterroot and Big Hole estimates. It 
should be noted that a problem arises when comparisons of values per acre foot 
are made between rivers of different sizes. The average CFS for July and August 
on the Blacksmith Fork River is 104.76 CFS com pared to 489.5 CFS on the Big Hole 
and 791.5 CFS on the Bitterroot.
Daubert and Young (1981) developed estimates of marginal value (demand) 
functions for instream flows by taking the first derivative of bid functions with  
respect to flow. They based their model on the same assumption that our model 
is based upon: flow  level affects the quality or value of the current recreation trip. 
Their total value function estimated for fishing recreation was quadratic with  
respect to flow. Daubert and Young (1981) estimated individual willingness to pay 
per acre foot for fishing activities to range from $.102 per cfs per day (or $.202 per 
acre foot) at 100 CFS to $ .019 per cfs per day (or $.038 per acre foot) at 400 CFS. 
Marginal value estimates fell to zero as instream flows approached 500 cfs. The 
total value expression for white w ater enthusiasts was linear, so the marginal value 
was a constant, $.019 per CFS (or $.038 acre foot) for the entrance fee game and 
$.029 per CFS (or $.058 acre foot) for the sales tax game.
In comparison, the Bitterroot quality effect model (Table 6 -1 6 )  for the  
fish/float subgroup, that incorporates only the quality effect of flows, predicts an 
individual fish /float marginal value per day for instream flow of $.18 at 100 CFS 
and $.08 at 400 CFS. Our estimates appear to be closer in value to the estimates  
of Daubert and Young, which would conform to the expectation that similar 
valuation techniques produce similar results. However, these estimates of
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instream flow value are derived for rivers of different size. The river studied by 
Daubert and Young, Cache La Poudre River, has an average CFS of 809 CFS during 
May through August. The Bitterroot River, in comparison, has an average May 
through August river flow of 1599 CFS.
IMeher (1989) calculated the average marginal value per acre foot for anglers 
on 19 rivers in Montana for 1985 using the travel cost technique. The values for 
anglers derived in that analysis ranged from 22 cents an acre foot on the Upper 
Flathead to $6.54 per acre foot on the Bitterroot. The aggregate 19 river model 
returned a marginal value associated with a 25% reduction in flow levels of $1.03 
acre foot value. The average marginal value per acre foot on the Bitterroot was 
estimated as a 25% decrease in average flow from 876 CFS to 657 CFS. Using our 
model, this 25% reduction in CFS produced an average marginal value of $1.90 per 
acre foot for fishing recreators.
6.5. Conclusions and Future Research
The major objective of this study was the determination of the value of
instream flows for recreation purposes. A significant and positive relationship
existed between flow on the Bitterroot and current trip valuation for the range of
flow values during the sample months. This implied that individuals' willingness to
pay continued increasing as flows increased. This continuous relationship between
values and flows was not the functional relationship that was expected.
.
At very high and very low levels of flow, the valuation of a recreation trip 
was expected to be negatively affected, indicating a polynomial functional form  
with respect to the level of flow. A possible explanation for the linear relationship
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between value and flow  on the Bitterroot is that the sampling period, May through  
August, 1988, was during a low water year. Respondents experienced lower than 
average w ater flows, so that for increasingly higher levels of flow the current trip 
became more valuable. An optimal flow regime was not identifiable when only the 
quality effect of varying flows was considered.
A significant relationship between the value of the current recreational 
experience on the Big Hole and the level of instream flows was not found. Ninety 
percent of Big Hole recreators indicated that there were adequate flow levels 
during the sampling months, despite the fact that record low flow levels occured  
during 1988 on the Big Hole. Approximately 50 percent of the Big Hole recreators 
did not know what the flow level was before making the trip. Of those who  
indicated that they knew what the flow level was going to be before making the 
trip, 30.7 percent stated that their knowledge came from past experience at the 
site. This would imply that as many as 80 percent of the Big Hole sample visited 
the river without knowing first hand what the flow conditions were for 1988. The 
current flow level was not a deciding factor in whether or not to make the current 
trip or to  pay a higher price for the current trip to the Big Hole.
The marginal value per acre foot of instream flows for recreation varied 
between the activity subgroups as expected. The fish/float subgroup had a greater  
estimated value per acre foot than the shoreline recreation group on the Bitterroot. 
This supports the hypothesis that individuals participating in activities that depend 
on the adequacy of flows have a higher value for instream flows than those 
individuals involved in shoreline related recreation.
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Besides the Influence of flow levels, current trip valuation was also affected 
by socioeconomic characteristics of the individuals, such as income level. For 
both the Bitterroot and Big Hole sample, respondents' income positively affected 
the current trip value. The quantity of trips taken so far in the season negatively 
affected the willingness to pay, as was expected. The price, or bid level, had a 
negative influence on the probability of acceptance.
The first estimation technique used to derive total, marginal and average 
values per acre foot for recreation focused only on the quality effect due to flow  
variation. The quantity of use was assumed to be constant at all flow levels. A 
comparison of the value estimates shows that leaving the quantity of use constant, 
will overestimate the value of a trip at very high and very low levels of flow. As 
shown in section 5.1. use models, estimated to explore how instream flow levels 
affected the quantity of trips taken to the particular site, indicate that a quadratic 
relationship exists between use and flows on the Big Hole. Use levels and current 
flow are related by a third order polynomial on the Bitterroot.
The assumption that levels of use are constant, or at the average level, 
throughout the season underestimates total values and marginal values at low 
flows and overestimates these values at high flows. A total recreational value 
model, that incorporates both the quality and quantity effects of instream flow on 
recreation, may provide more realistic value estimates.
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6.5.1. Suggestions for Future Research
There are several suggestions for further research and improvements in the 
analysis. The on-s ite  sampling took place only during the hours between 8 a.m 
and 5 p.m. As a result. Individuals recreating during evening hours were not 
included in the sample. A better sampling strategy would be to split the sampling 
between early morning, day and evening hours. In order to get a more complete  
yearly use estimate, another suggestion would be to extend the sampling dates to 
include fall and winter months.
In order to arrive at a more complete understanding of the demand for river 
recreation and for instream flows, it should be recognized that each recreator has 
an individual style, technology, purpose for recreating, and degree of participation 
(Duffield and Allen, 1987). Viewing a particular recreation activity as homogeneous  
results in a lumping together of the relevant dimensions of the recreation 
experience (Adams, 1979). This dismissesthe possibility that individuals have 
various definitions of the experience. Demand, as a result, may be over simplified. 
Rather than simply splitting the sample into only two general subgroups, shoreline 
users and fish/float users, a data reduction devise, such as cluster analysis, could 
36 used. This method aggregates individuals with similar recreation patterns into 
he same group. By using cluster analysis, it would be possible to determine if 
subgroups of shoreline users and subgroups of fishermen and floating enthusiasts  
lave separate demand schedules reflecting the varying--degree of dependence or 
lemand for river flows.
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Appendix A  
Data Format and Onsite Surveys
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Hi. I'm ---------- from the University of Montana. We're doing a
study of recreational use on the Bitterroot River. Could I ask you a few questions?
1. How many hours will you be at the Bitterroot today? Hours
2. Are you here just for the day, or longer? (If so, how many?)
— —  One day only . # days if more than one
3. Is this your first visit to the Bitterroot? 1 Yes 2 No
4. (If not), How many years have been coming here?  Years
S. How many trips have you made to the Bitterroot this year? 
  Trips so far this year
6. How many trips have you mads to the Bitterroot over the last 
two years?
- __ Trips in last two years
7. About how many trips will you make to the Bitterroot in the 
next two years?
  Trips in the next two years
a . What activities are you participating in on this trip to
the Bitterroot? (Read list and check activities they're doing)
Fishing   Camping
Floating   Other:
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ASK QUESTIONS 9 - 18 I? RESPONDENT IS FISHING ON THIS TRIP
9. What type of fishing equipment are you using?
  Bait   Lure   Combination
  Flies: IQ. Did you tie your own? ____ Yes No
11. (If fishing flies): Are you fishing a particular hatch (dry 
flies) or particular nymph form?
  No ___ Yes 12. (If yes) Which hatch?______________
13. About how many hours have you been fishing the Bitterroot so 
far on this trip?
______ Total number of hours
l<*. How many trout have you caught so far on this trip?
  Number of trout caught
15. How many of these trout did you Iceep? _ Trout kept
16. Did you hire a fishing guide or outfitter on the Bitterroot 
River on this trip?
  Yes _____  No
17. Are you fishing from shore, from a boat, or both?
  Shore   Boat   3oth
18. Do you have any other comments about the fishing here?
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ASK QUESTIONS 19 - 23 IF RESPONDENT IS USING A BOAT
19. Type of boat used: ________________ ____________ _____
20. Where did you put in?_______ _________________  (site)
21. Where did you take out? ___________   (site)
22. Were the flow levels adequate for floating? Yes ____ Mo
23. ADD DETAIL: ______________________________________________
24. How long before today did you decide to visit the Big Hole?
■ Days ago (1 ■ 1 or lass)
25. Ua are interested in knowing the reasons why you're visiting 
the Bitterroot at this particular time of year. I'm going to read 
you a list of possible reasons; please tell me whether that 
reason is very important, important, not very important, or not
at all an important reason you're here at this time of year.
26. I have time off from work now VI I U VU
27. The weather is good VI I U VU
28. The flow levels are adequate VI I U VU
29. An insect hatch is going on VI I U VU
30. It's less crowded now VI I Ü VU
31. Other people wanted to come now VI I U VU
32. Are there any other reasons why you're visiting the 
Bitterroot at this time of year?
33. Did you feel that the river was crowded at any time on this 
trip?
  Yes   Mo34. (If yes) What effects did this have on your 
experience?
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TA2 :FJCT pew questions will help us TO in:OEHSTAiID TiE VALUE P-DPL̂ ' PLACE 
ON THE R vrm RELATED RECREATION ON THE BITTERROOT RIVER. "
W2 REALIZE YOU AREN’T USED TO CONSIDERING YOUR RECR%TION THIS WAY BUT 
PLEASE THINK ABOUT IT AND GIVE US YOUR BEST ESTIMATE. ' '
34a. la visiting the Bitterroot river the main purpose of this trip from 
your noma?
Yes No
35. Is the Bitterroot the main or only recreational site you're 
visiting this trip?
  Yes   No
36. About how far is it from your home to this section of 
the Bitterroot?
t
  Miles (one-way)
37. How long did it take to travel from your home to the 
Bitterroot River? ___ Hours (include stops made en route)
38. About how much do you expect to personally spend on this 
trip? Include expenses such as gas and oil, food and beverages, 
any lodging or camping fees, car rentals, airfares, equipment 
purchased just for the trip, guiding fees, shuttle expenses, and 
other trip expenses. If you don't know what the exact amount was 
(or will be), please give your best estimate.
___________  Total amount spent on this trip
39. Suppose that your expenses to visit the Bitterroot on this 
trip were higher. Would you have still have visited the 
Bitterroot if your personal expenses were  more?
Yes _____  No
40. (If no) Would you still have made the trip if 
your personal expenses were only SI more?
v as  ■ - no
41. (If no) Could you please briefly explain why 
not?
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THE FOLLOWING QUESTIONS ADDRESS THE PROBLEM OF LOW SUMMERTIME 
FLOW LEVELS ON THE BITTERROOT RIVER.
<*2. Was the water level in the Bitterroot River today adequate 
for tna activity you participated in?
 yes  no
Comments :
43. Did you know what the flow level in the river was going to be 
today?
  Yes   No
44. If yea, how did you know?
  Past experience here
  Talked to friends
  Talked to f1/ shop/outfitter
  State or federal agency
  Other: ______________________
44. Would you prefer to be visiting the river at a different flow 
level?
  Yes   No
45. (If yes) What would be a better flow level? 
.inches higher
  inches lower
Comments :
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For the next couple questions, I need to give you a little background 
information,
4 6. As you may be aware, this section of the Bitterroot River from 
Hamilton to Stevenaville typically has low summertime flows and is • 
severely dewatered in drou^t years like 1905. However, there is water 
available in Painted Rocks Reservoir on the West Fork of the Bitterroot 
River that could be purchased to increase summertime flows on this section 
of the river. One way this could be done would be by forming a trust fund 
to buy water as needed, Now here's the question I'd like you to answer.
Would you purchase an annual membership in a trust fund costing _______
to maintain flows in the Bitterroot River over the summer at your preferred level?
Yes ______ No
4 7 . (If no), Would you be willing to pay for 
annual membership in a trust fund to improve 
minimum flows if the cost was sufficiontü.y 
low, say only SI par year?
  Yes    No
48. (If no), Could you please briefly explain 
why not?
I have just a few more quick questions to help us understand your 
responses.
1. Where do you live? City:______________    State .
2. How old are you? - Years
3 . What is the highest year of formal education you completed?
  some grade aohool __  some college
  finxshed grade school __  finished college
  finished junior high___________ ___ some postgraduate
  finished high school ___ finished postgraduate
4. Are you a member of any conservation, sport, fishing, or 
boating organizations?
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Yes ___ No
5. (If yea) About how many of these groups 
do you belong to?
_______  Groups
o . Can you estimate your total donations over the course of a 
year for environmental preservation causes (wildlife funds, 
wilderness preservation, etc.)
Dollars
7. ( Hand Card ) Could you please give me the letter that 
corresponds to your household's income before taxes last year:
a. under 5000 ft. 20,000-24»,999 i. 4*0,000-4»9,000
b. 5,000-9.999 Ç. 25,000-29, 999 j. 50 , 000-74», 999
G. 10,000-14», 999 g. 30,000-34»,999 K. 75,000-100.000
d. 15,000-19,999 h 35.000-39,999 I. over 100.000
INTERVIEWER SECTION: TO FILL IN AFTER INTERVIEW 
ID # _________
Sex of respondent; ____ Mala   Female
Location: _ .
Date: __________  Time started;   Time finished; _______
Flow level:______________
Weather: 1 Rain 2 Cloudy 3 Partly cloudy k Sunny
Temperature; 1 Hot (>75) 2 Warm o0-75) 3 Coo 1 t<6Q)
Wind: 1 Strong 2 Moderate or gusty 2 Calm
Major hatches observed: --------------------- ------------------
Number of boats observed at take-out today;
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Hi. I'm ---------- from tha University of Montana. We’re doing a
study of recreational use on the aig Hole River. Could I ask you a few questions?
1. How many hours will you be at the Big Hols todav?Hours
2. Are you here just for the day, or longer? (If so. how many?)
  Orve day only   * days if more than one
3. Is this your first visit to the Dig Hole ? 1 Yes 2 No
4. (If not). How many years have been coming here? _____Years
5. How many trips have you made to the Bij Hole this year? 
  Trips so car this year
6. How many trips have you made to the Dig Hole over the last 
two years?
_____  Trips in last two years
7. About how many trips will you make to the Big Hole in the 
next two years?
  Trips in the next two- years
a What activities are you participating in on this trip to
the JShgaole? (Read list and check activities they're doing)
  Fishing   Camping
  Floating   Other: -----------------------
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ASK QUESTIONS 9 - 18 IF RESPONDENT IS FISHING ON THIS TRIP
9. What type of fishing equipment are you using?
  Bait ____ Lure   Combination
  Flies: 10. Did you tie your own? _ Y e s ____ No
11. (If fishing flies): Axe you fishing a particular hatch (dry 
flies) or a particular nymph form?
  No ___ Yes 12. (If yes) Which hatch? ____________
13. About how many hours have you been fishing the Big Hole so 
far on this trip?
_____ Total number of hours
14. How many trout have you caught so far on this trip?
  Number of trout caught
15. How many of these trout did you keep? _ _ _  Trout kept
16. Did you hire a fishing guide or outfitter on the Big toia 
River on this trip?
Yes _____  No
17. Are you fishing from shore, from a boat, or both?
_____  Shore   Boat   Both
18. Do you have any other comments about the fishing here?
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ASK QUESTIONS 19 - 23 IF RESPONDENT IS USING A BOAT
19. Type of boat used: ____________________________
20. Where did you put in?
21. Where did you take out?
________   (site)
______   (site)
22. Were the flow levels adequate for floating? ___ Yes
23. ADD DETAIL: _______________________
No
24. How long before today did you decide to visit the Big Hole?
  Days ago (1 = 1 or less)
25. We are interested in knowing the reasci^ why you’re visiting 
the Big Hole at this particular time of year. I'm going to read 
you a list of possible reasons ; please tell me whether that 
reason is very important, important, not vary important, or not 
at all an important reason you’re here at this time of year.
26. I have time off from work now VI u vu
27. The weather is good VI u vu
26 . The flow levels are adequate VI u vu
29 . An insect hatch is going on VI u vu
30 . It's less crowded now VI u vu
31. Other people wanted to come now VI u vu
32. Are there any other reasons why you're visiting the 
BicT Hole at this time of year?
33. Did you feel that the river was crowded at any time on this 
trip?
  Yes   No34. (If yes) What effects did this have on your 
experience?
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THE ?5W QUESTIONS 'VILL HELP US TO UÎIDSRSTAHD THE VALUE PEOPLE PLACE 
0:1 THE aiVEH RELATED RECREATION ON THE 3IG HOLE RIVER.
WE REALIZE YOU AREN'T 05ED TO CONSIDERING YOUR RECREATION THIS WAY 3UT 
PLEASE THINZ ABOUT IT AND GIVE OS YOUR 3EST ESTIMATE. ’
54a. I3 visiting the 3ig Hole river the main purpose of this trip from 
your home?
________Yea No
35. Is the üig Hole the main or only recreational site you're 
visiting this iprip?
  Y e s    No
36. About how far is it from your home to this section of 
the Big Hole?
  Miles (one-way)
37. How long did it take to travel from your home to the 
Big Hole River? Hours ( include stops made en route )
38. About how much do you expect to personally spend on this 
trip? Include expenses such as gas and oil, food and beverages, 
any lodging or camping fees, car rentals, airfares, equipment 
purchased just for the trip, guiding fees, shuttle expenses, and 
other trip expenses. If you don't know what the exact amount was 
(or will be), please give your best estimate.
____________ Total amount spent on this trip
39. Suppose that yomr expenses to visit the Big Bole on this 
trip were higher. Would you have still >'»ve visited the 
Big Hole if your personal expenses were  more?
_____ Yes _____  No
40. (If no) Would you still have made the trip if 
your personal expenses ware only $1 more?
_yes  no
41. (If no) Could you please briefly explain why 
not?
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THE FOLLOWING QUESTIONS ADDRESS THE PROBLEM OF LOW SUMMERTIME 
FLOW LEVELS ON THE BIG HOLE RIVER.
42. Was the water level in the 3ig Hole River today adequate 
for the activity you participated in?
 yes  no
Comments :
43. Did you know what the flow level in the river was going to be 
today?
_____  Yes _____  No
44. If yea, how did you know?
  Past experience here
  Talked to friends
  Talked to fly shop/outfitter
  State or federal agency
  Other: ______________________
44. Would you prefer to be visiting the river at a different flow 
level?
  Yes   No
45. (If yes) What would be a better flow level?
 inches higher
______  inches lower
Comments :
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43. For the next couple questions, I need to give you a little background 
information. As you may be aware, this section of the Big Hole from Wise River 
Lo Melrose typically lias low summertime flows and is severely dewatered in 
drought years like 1985. Sunmertiine flows on the Dig Hole could be improved 
by purchasing water on the open market from irrigators. Purchases would allow 
irrigators to offset the costs of reduced water use or the costs of more efficient 
irrigation techniques. ^ie way this could be done would be by forming a trust 
fund to buy water as needed. Now hare s the question I'd like you to answer.
iwauld you purchase an annual membeirship in a true:, fund ccsti.ig to
maintàĵ i clows in tlie Big Hble River over the summer at -our preferred"ieveT?
______ Yes   No
47. (If no), Would you be willing to pay for 
annual membership in a trist. fund to improve 
minimum flows if the cost was sufficiently 
low, say only 11 per year?
   Yes   No
48. (If no). Could you please briefly explain 
why not?
I have just a few more quick questions to help us understand your 
responses.
1. Where do you live? City: —  State-----
2. How old are you?   Years
3. What is the highest year of formal education you completed?
  some grade school------------------ some college
  finished grade school --- finished college
  finished junior high --- s°me postgraduate
  finished high school --- finished postgraduate
4. Are you a member of any conservation, sport, fishing, or 
boating organizations?
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Yes ___ No
5. (If yes) About how many of these groups 
do you belong to?
_______ Groups
6. Can you estimate your total donations over the course of a 
year for environmental preservation causes (wildlife funds, 
wilderness preservation, etc.)
Dollars
7. (Hand Card) Could you please give me the letter that 
corresponds to your household's income before taxes last year:
a. under 5000 a. 20,000-24.999 i. 40,000-49,000
b. 5,000-9,999 f. 25,000-29,999 j. 50.000-74,999
c . 10,000-14,999 g. 30,000-34,999 k . 75,000-100,000
d. 15,000-19,999 h. 3 5,000-39,999 1, over 100,000
INTERVIEWER SECTION: TO FILL IN AFTER INTERVIEW 
ID # _________
Sex of respondent:   Male   Female
Location: _______________
Date: __________  Time started: __________ Time finished:
Flow level:_____________
Weather: 1 Rain 2 Cloudy 3 Partly cloudy 4 Sunny
Temperature: 1 Hot (>75) 2 Warm (60-75) 3 Cool (<60)
Wind: 1 Strong 2 Moderate or gusty 2 Calm
Major hatches observed: _____________________________________
Number of boats observed at take-out today:
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VMIIABLE COLUMN IN MISSING DEFINITION »4 CODE INTlùIîPRElATION
NAME DATA PILE VARIABLE GODS ______________ 151
ID
HOURTÛ
DAYS
1-  4
5 - 7
8-  10
9999
999
999
IDENTIFICATION NUMBER
0 -  -  — B itte rro o t
1 — — — B i^  Hole
HOURS AT HI'/ER TODAY
5 - ONE HALF HOUR 
10- ONE HOUR 
100- TEN HOURS
DAYS AT SITE
1- ONE DAY ONLY
2 - TWO DAYS
iSTVST
YEARS
TRIPS?
TRIPL2
TRIPN2
ACTIV
OTHACT
EQ.ÜIP
11
12-  13
14-16
17- 19 
20-.22  
23
24
25
99
999
999
999
9
7 -  ONE WEEK
FIRST VISIT OR HOT 
1-YES 2- NO
YEARS COMING TO SITE 
X 1 =» 1
TRIPS SO PAR THIS YEAR
TRIPS OVER LAST TWO YEARS
TRIPS IN NEXT TWO YEARS
ACTIVITIES ON THIS TRIP
1- PISHING
2- FLOATING 
5- CAMPING
OTHER ACrr/ITIES ON TRIP
1- PISH & FLOAT ^ F l a * * Ce-U
2- PISH & GAMP ^
3- FLOAT A CAMP
4- SHORELINE RECREATION 
(gunning, awlaming, picnic,
sightseeing, walking, ate.)
5- LOCATING PISHING SPOTS 
CHECKING INSECT HATCHES
6- BIRDWATCIUNG
PISHING ECtHIPMENT USED
1- BAIT
2-  lu r e
3- PLIES
4- COMBINATION
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VAHIAÙLiS 0ÜLUMÎ4 IN
I'lAMS DATA PILK
MISSING
VARIABLK CODS
DEFINITION 4  CODE
IN T iH P R m TIO N 152
I'IS
HATCH
HATCtlNM
26
27
28
9
9
9
TIE OWN PLIES Ca NOT 
1- YES 2- NO
PARTICHLAN HATCH PISHED 
1- YES 2- NO
WHICH IL'.TCII PISHED
1- STONEl‘’LY
2- CADISS 
5- MAYFLY
4 - SALIIQMFLY
5- COMBINATION
IIOUHSF
TRODTSP
KEEP
GUIDE
SHORBT
Cui-U'SH
29- 32
53- 35 
36- 37
38
39
40- 41
9999
999
99
9
9
99
HOURS FISHING SO PAH (tanth of 
5- ONE HALF HOUR 
10- ONE HOUR 
240- TWENIY FOUR HOURS
TROUT CAUGHT SO PAH ON TRIP
NUMBER OP TROUT KEPT
HIRED nShEIC GDIDE/OUTPITTBR 
1- YES 2- NO
PISHING PHLM SHORE, BOAT, OR BOTH
1- SHORE
2- BOAT
3 - BOTH
COMMENTS ABOUT PISHING
0- NO COMhillT
1- MORE GOliTROL OVER GUIDES
2- MORS SB FIClENT IRRIGATION SYSTEME
3- GOOD WATER, NICE RIPPLES
4- NOT VERY GOOD
5- MISS BAIT PISHING
6- BAN SN V:îITEPI£H IS RIDICÜIOUC
7- PISH & Game need to monitor
WATER 4 PISH POPULATION
8- GOOD FISHING/ LOVE IT
9- agree with PISHING REGULATIONS
10- NEED PISHING PROM BANK ONLY
11- BETTER AT LOW FLOWS
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VARIABLii
NAME
BOAT
COLUMtl IN 
DATA riLR
42
MISSmG
VARIABLE CODE
rUTIN 43
TAKEOUT
BTPLOW
COMBTPL
44
45
46
9
9
9
DECIDE
fh;OSK
4 7 - 49
50
999
HWEATH 51
DEFINITION & CODE
INTEEtP'.lETATION
TYPE OF BOAT USED
1- RUBBER RAFT
2- CANGE
5- DRIF-'DOAT 
4- INTERTUBE
WHERE BOAT WAS PUT IN
1- STEVENSVILLE BRIDGE
2- BELL dtOSGING
3 - TUCKER
4- WOO IS ILE
5 - 'VICTOR
6- FLORENCE
7 - HAMILTON
8- cm El' LOOKING GLASS
WHERE BOAT WAS TAKEN OUT 
(SEE CODE TOR PUTIN)
WERE PLOW LEVELS ADEQUATE 
1- YES 2- NO
DETAILS ON FLOW LEVEL
0- NO DliTTAlL
1- GOOD FLOV LEVELS
2- TOO HIGH
3- TOO LOW
4- WATER CLEAR
5_ past flow
6- NECESS.'iRY TO WALK THE BOAT 
AT ONE POINT
7- NECEJSAf'Y TO WALK THE BOAT
at several points
WHEN DECIDED TO VISIT 
1- ONE DAY AGO OR LESS 
30- ONE mN'llI AGO 
365- PLANNED YEARLY
TIME OFF FltOM WORK
1- VERY IMPORTANT
2-  IMPOHTAin’
3- UNIMPOKTANT
4- VERY UmMPORTANT
"'HE WEATHER IS GOOD
1- VERY IMJFÛRTANÏ
2- IMP04T;CjT
3- UNII<!POHTAtVP
4- VERY UNil-tPOflTANT
153
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VARIABLE
flAME
RFLOW
COLUMN IN 
DATA FILS
52
MISSING
VARIABLE CODE
HUATCfl 55
RCROWD 54
RPmPLE 55
ROTHER 56- 57 99
CROWDED
CRWDEPP
58
59
9
9
DEFINITION à CODE
inteiü>rspatton 154
ADEQUATE PLOW LEVEL
1- VERY IMPORTANT
2-  important
3 -  UNIMPORTAiiT
4- VERY UNIMPORTANT
INSECT liATG;] GOING ON
1- VÏEY IMPORTANT
2- IMPORTANT
3 - UNIMPORTANT
4 - VERY UNIMPORTANT
LESS CROWDED NOW
1- VERY IMPORTANT
2- IMPORTANT
3 - UNIMPORTANT
4 - VERY UNIWORTANT
OTHER PEOPLE WANTED TO COME
1- VERY BDCCTANT
2- IMPORTANT
3 - UNIMPORTANT
4- VERY UNlMPORfAffP
OTHER REASONS VISITING
0- NONE
1- BAD COUnTniTONS AT SUBSTITUTE SITC
2- VISIT V.^oitOS/ FAMILY
3- CLOSE TO HOME
4- BEAUTIFUL SEASON/NATURE
5- GET OUT OP HOUSE/CITY
6- RBGULATir.lS (FISHING)
7- ACTI’VITIEj IN SURROUNDING AREA
8- ENROUTE 30 ANOTHER SITE
9- LOOKING ÿOR PLACES TO UVE/WORK
10- OPENING HAY
11- GOOD'ACCcSS FOR BOATS
12- GOOD ACCESS FOR RECREATION VOlIJLtS
RIVER CROWDED OR NOT 
1- YES 2- NO
EFFECTS ON ,EXPERIENCE
0- NO EFFECT
1- INTERi’ERED WITH SOLITUDE
2- HAD TO FIND DIFFERENT SITE
3 - DEPLETES PISH POPULATION
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VARIABLE
NAME
M1JPÜHP
MNSITE
OJiWAYD
TRVLTM
E2ŒÜNSE
3IM!RIP
aspraip
RSFPR1D
ID
XEHÜTR
ADQPIDW
ÜOMADFL
COLUMII IN 
DATA FILS
60
61
6 2 - 65
66— 69
MISSniG
VARIABLE CODE
9
9
9999
9999
DEFINITION & CODE
INTERPRE: u ’ lON
155
70-  73 
74-78  
79
80
81-84
85
86
87
9999
99999
9
9
9999
9
9
9
ICIOWPL 88
MAIN PURPOSE OR NOT 
1- YES 2w NO
MAIN OR ONLY RECREATION SITE 
1- YES 2- NO
ONE WAY DISTANCE PROM HOME 
  MILES ( ONE-WAY )
TRAVEL TIME TO BITTERROOT 
(TENTS OP liODRS)
1- 1 iclnute- 8 minutea
2- 9 to 14 . taa
3- 15- 20 minutes
4- 21 to 26 minutea 
^  27 to 52 minutea
6- 33 to 38 minutes
7- 39 to 44 minutea
8- 45 to 50 minutea
9- 5' to 56 minutes
10- 011Ü hour
240- twenty four hours
PERSONAL EXPI31SES 
X<1 = 1
VISIT IP E3ŒEHSES MORE
STILL VISIT 
1- yes 2- NO
STILL VISIT IP «1 MORE 
1- YES 2- NO 
Identification Number 
EXPLAIN IP NOT
0- NO COMMENT
1- I'D GO SOMEWHERE ELSE
2- I WOULDN'T MAKE TRIP
5- SHOULD BE FREE RESOURCE
WATER LEVEL ADEOTACY 
1- YES 2- NO
COMMIDIT ON WATER LEVEL
0- NO COMMENT
1- TOO LOW
2- AVERAGE PLOW
3- pehphct/good level
4- A LITTLE LOW
5- TOO HIGH
KNOW PLOW LEVEL
1- YES 2- NO
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m i  ABLE 
NAHC
i-'Liuro
PLOTHR
ÛIPb'LÛW
HIPLOW 
LOPLOW 
œMHILO
COLUMN IN 
DATA PILa
89
90
91
9 2 - 93 
9 4 - 95 
96
MI33ING 
VARIABLE CODE
99
99
9
DEPI’IITION & CODE 
TNT EI(P ROTATION
HOW FLOW IS KNOWN
1- PAST EXPERIENCE
2 - TALKED TO PRimfDS
3 - talked '1"0 ?LY SHOP/ OUTFITTER
4- STATE OR PEDERAL AGQ1CY
5 - 1 and 2 9 - 2  and 4
6 - 1 and 3 1 0 - 3  and 4
7- 1 and 4 11- 1,2 & )
8 -  2 and 3
OTHER KNOWLEDGE OF FLOWS
1- DRIVE OVER DAILY
2- CAME & OBSERVED
3 - WEATHim CONDITIONS RECENTLY
4 - CONDITIONS AT OTHER SITES
PREFER DIPFjuUiHT FLOW 
1- YES 2- NO
INCHES HIGHER
INCHES LOWER
COMMENT OH BETTER LEVEL
1- TOO MUDDY & HICi
2- HIGH PLOWS PROVIDE DEEPER 
FISHING HOLES
156
BIDFLOW 97-  102 999999 BUY MEMBERSHIP TRUST FUND
aSPPLOW
BSPFL1D
IPNOPL
CITY
103
104
105
106-107
1-MISSOULA
2- Stevenaville
5- Florence
4-Victor
Lolo
6- Corvallis
WILLING TO BUY
1-  YES 2-  no
buy $1 MEMBERSHIP IN FUND 
1- ÏES 2- NO
EXPLAIN WHY NOT
1- NO G .. _.T
2- IRRIGATION FIRST
3- UNSURE IP I'LL EVER BE BACK 
TOO PAR FROM HOME
4- GOVERi.TlENT SHOULD MAKE PURCHASES
5- water W0I1"T reach SECTION
6- NO ONE OWNS THE WATER
99 WHAT CITY LIVE IN
7- Hamilton Billings
8- Darby 14-
9-Bonner/Milltown 15-.
10- Helena 16-
11- Great Falls 17-
12- Bozeman 18-
19 Santa Cimz
20 Boise
21
22 Keumer
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VARIABLE COLUMN IN
NAMÜ data  P IL fi
STATE
AGE
SCHOOL
108-109
110-111
112
MISSING
YARIABLS CODE
99
99
9
MEMBER
NGftOUfS
DONATE
113
1 14 -1 15
116-120
99
99999
INCOME 121-122 99
:"x.
SITE
123
124
DEFINITION k CODE
INTSaPCITVPION 157
STATE LIVED I I I
(SEE attached sheep FOR CODE)
RiïCREATIOilIST'S AGE 
17-99 YEARS OF AGS
FORMAL EDUCATION CCMTLETED
1- SOME GRADE SCHOOL
2 -  PDIiaaED GRADE SCHOOL
3 -  FINISHED JUNIOR HIGH
4 -  FINISHED RICH SCHOOL
5 - SOME COLLuiOE
6 - FINISHED CCLLEGE
7 -  SOME POSTGRADUATE
8 -  FINISHED RSTGRADUATE
MEMBER OF CONSERVATION, SPORT,
PISHING, OR BOATING ORGANIZATION 
1- YES 2-  NO
NUMBER OF GROUPS
TOTAL YEARLY DONATIONS FOR
environmeijt.il  causes
0 -  NO DONaTK'NS
1- $1 DONATION 
50-  DONATION
HOOu..^vW llJCCME L\ST YEAH BEEORE TAAJ-JJ
1- under 500C
2-  5 ,000- 9.999
3-  10 ,000-  14,999
4-  15,000-  19,999
5-  20, 000-  24,999
6-  29 ,000- 29,999
7-  3 0 , 000 -  34,999
8-  5 9 , 000 -  39,999
9-  40 , 000-  49,999  
10-  50,000-  74,999  
11, 75,000-100,000 
12- over 100,000
SEX OF RESPONDS PC
0 -  FEMALE
1-MALE
INTERVISW LOCATION
1- STEVENSVH,LE
2 - BELL CROSSING
3 - TUCKER
4-  WOODSIDE
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VARIABLE COLUMN IN
NAMJ3 DATA PILi3
MISSING
VARIABLt: CODd
DEFINITION & CODE 
IiM 'iIim  Pi'ATiO M
158
DATS 1 25 -127 999
TIHLEf
TIMEi-'U
WSATHEK
TEMf
WIND
BOATIN
BOATÜUT
'STAGE1
128-1)1
1 3 2 -1 3 5
136
13.7
138
1 39 -141
142-144
1 45 -1 4 7
9999
^ 9 9
9
999
999
999
DATE OF INTER ,1EW (MONTH & DAY) 
4 _  :  A p r i l
5 _ :  : M^y
6 ; JUNE
7 I I  : July *• *
a Auju:,! I _
9 ^  Stjptoffiber _  _
TIME STARTED IMTER'/IEtf
(military t e-ie)
TIME PIMISHEÛ INTmVIEW 
(military TIMS)
WEATHER OOliOITIONS
1- BAIN
2 - CLOUDY
3- PARTLY CLOUDY
4 -  SUNNY
TaiPiiaATUIlB DURING INTERVIBN
1- HOT ( 75)
2- WARM ( 60-75 )
3 - COOL ( 60)
WIND SPEED DURING INTEBVIliV
1- STRONG
2 - MODliïUTE OH GUSTY
3 - CALM
NUMBER OF BOATS POTTING IN 
NUMBER OF BGaTS TAKING OUT 
aivm GUAGE niJCiiT
148 -152 99999 RIVER DIS<:'LUIC£ AT 1ST STATION Ili ClS
STaGE2 1 5 3 -1 5 5 999 RIVER GUAGE ItEIGlIT 2ND STATION
DSCÜHG2 156-160 99999 RIVER DISCHARGE AT 2ND STATION IN CF3
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Appendix B 
Dates and Sam ple Size
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Table B-1: Dates and Sample Size
Bitterroot Big Hole
Date NSAMPLE Date NSAMPLE
430 4 514 4
507 3 521 22
508 8 522 20
514 1 528 21
515 14 529 18
521 9 530 3
522 12 604 13
528 2 605 18
604 7 610 29
605 10 611 28
606 1 612 14
614 8 616 33
615 5 617 19
622 8 618 40
623 13 619 33
624 7 622 13
628 6 623 4
630 6 624 7
701 8 625 19
702 11 626 18
703 15 706 10
711 8 707 14
712 4 708 12
715 15 709 17
722 15 718 13
723 11 719 17
726 13 720 8
727 7 721 7
728 9 803 16
729 12 804 7
822 5 805 10
823 7 808 1
825 3 819 6
826 3 820
821
825
826
8
4
3
1
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Appendix C 
Appendix C: Mean Values of Estimated Equations
In order to estimate the value of instream flows for recreation, the equations 
estimated to model current trip demand, demand for trust fund memberships and 
site use were evaluated at the means of the included variables, This appendix 
contains the mean estimates of the variables included in each equation.
The sample frame for the current trip valuation question was the typical trip. 
In the valuation of a current recreation trip on each river, the estimated  
multivariate equations were evaluated at the means of the onsite untransformed  
variables in Table C-1 . The sample frame for the trust fund membership question 
was the typical or average user. In the transformation of the logistic equations, 
the variable means for the average user were used. The mail survey designed for 
this study and the Angler Preference survey (Duffield and Allen, 1988) provided 
these average user estimates, shown in Table C-2. Table C -3  contains the onsite 
variable means used in the models used to estimate the quantity of use at each 
site. The final table. Table C-4, records the 20 year historical average discharge by 
month. This information was used in the estimation of the amount of water  
needed to maintain preferred flows on each river.
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RIVER
Table C -1 : Current Trip Logistics Equation Onsite Mean Values
INCOME TRIPSF TRIPTM DSCRG AGE RES
BITTERROOT
total
fish/float
shoreline
31740.89 7.937
34796.75
28678.86 9.855
7.005
10.135
1451.93
1875.25
1044.32
BIG HOLE 
total 
fish/float 
float anglers 
shorefish
River
BITTERROOT 
BIG HOLE
42893.70 2.406 -  -  42.02 .649
43328.03 2.446 -  -  41.41 .654
481 17.28 2.78 22.976 -  -
2.071 -  -  -  .596
Table C -2 : Trust Fund Logistics Equations Mean Values
INCOME TRIPL2 YEARS
27470 6.44 10.785
42894 12.99
FISHACT DSCRG
.487
611.855
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Table C -3: Estimated Logistics Use Equation Mean Values
Variables BIG HOLE BITTERROOT
DSCRG 611.855 1451.933
SQDSCRG 555679.771 4135334.80
SQD 5.557 41.353
DSCRG3 6.03158 E+ 8 1.524 E+10
DUMC .043 .052
DUMSTR .089 .022
SALDATE .308 ---
WEEKEND .560 .396
DUMRAIN 026 .019
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Table  C -4: 20 Year Historical July Flow Deviation from Preferred 1988 
Bitterroot
Darby Estimated Years Darby
CFS Darby/Bell Less Than CFS
Average Average * Preferred Average
Year (July) (July) (836 CFS) (August) (August)
1969 796.0 670.5 670.5 273 3 230 2
1970 1444.0 1216.3 — 386.3 325.4
1971 1218.0 1025.9 - 389.7 328.2
1972 1258.0 1059.6 - 407.2 342.9
1973 442.9 373.1 373 1 350.5 295.2
1974 1301.0 1095.8 - 495.3 417.2
1975 2608.0 2196.7 — 751.4 632.9
1976 1525.0 1284.5 - 714.6 601.9
1977 469.8 395.7 395.7 344.8 290.4
1978 1674.0 1410.0 - 483 3 407.1
1979 647.1 545.1 545.1 416.1 350.5
1980 1003.0 844.8 - 355.8 299.7
1981 995.4 838.4 - 415.0 349.6
1982 1851.0 1559.1 - 500.3 4214
1983 1 021 .0 859.9 - 486.5 409.8
1984 1492.0 1256.7 - 524.7 442,0
1985 397.7 334.9 334.9 409.2 344.7
1986 617.4 520.0 520.0 442-2 372 5
1987 374 5 315.4 315.4 305.9 257.7
1988 436.0 367.2 367.2 366.6 308.8
Ave: 440.19 Ave: 440.94
In 8 years of 20 need average of 440.19 CFS in July, 
which implies (440.19*(8/20))=176.08 CFS or 10,826 AF 
are needed in July on the Bitterroot.
In all 20 years an average of 747-441 =306 CFS, or 18815 AF, 
are needed in August to reach preferred flow levels
•Based on 1988 ratio of CFS levels at Darby 
and Bell Crossing stations, .8423.
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Table C-5; 20 Year Historical Flow Deviation from Preferred 1988
Big Hole
Melrose Estimated Years Melrose
Average Melrose/Wise R. Less than
CFS Average* Preferred CFS
Year (July) (July) (592) (August) (August)
1969 1695 910 - 407 218
1970 2119 1137 - 504 270
1971 1735 931 - 611 328
1972 1501 805 - 650 349
1973 430 230 230 165 89
1974 1474 791 — 341 183
1975 4120 2211 - 1457 782
1976 1811 972 - 927 497
1977 6 8 8 369 369 305 164
1978 2385 1280 - 691 371
1979 682 366 366 368 197
1980 1628 874 - 486 261
1981 1251 671 - 372 200
1982 2750 1476 - 662 355
1983 2249 1207 - 801 430
1984 1844 989 - 724 388
1985 322 173 173 322 173
1986 966 518 518 346 186
1987 434 233 233 240 129
1988 302 162 162 88 47
Average: 2051/7=293 Average: 5616/20=281
293^(7/20) = 102.55 CFS 879-281 = 598 CFS
=6305.55 AF =36770 AF
*Based on 1988 ratio of CFS between Melrose and Wise' River stations.
Notes: On the Big Hole w ater is needed in 8 or 20  years
in July and all 20 years in August.
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Appendix D 
Appendix D; Residual Analysis of Recreation Use Models
The regression equations modelling site use at each river were analyzed to 
determine how well the models fit the data set and the degree to which the 
assumptions of ordinary least squares were obeyed. The difference between the  
observed sample size each sampling day, NSAMPLE, and the predicted values of 
NSAMPLE was examined.
Figures D-1  and D -2  show the casewise plots of the standardized residual 
for the Bitterroot and Big Hole use models from Chapter 5, Tables 5-1 and 5 -2 .  
The column labeled Case #  indicates the sample day for which the results are 
printed. The first column to the right of the plot shows the actual value of 
NSAMPLE for each date. *PRED is the predicted value for NSAMPLE based on the 
regression equation. The residual is in the column labeled *resid. *ZRESID is the 
column of standardized residuals. The standardized residuals are plotted on the 
chart on the left side of each figure. In a normal distribution with a mean of 0 and 
a standard deviation of 1, 95 percent of the cases fall within +2 and -2  standard 
deviations from the mean. This would imply that for two cases on the Big Hole 
and for one case in the Bitterroot sample, the model is not appropriate.
The histograms of the standardized residuals, figures D -3  and D-4, indicate 
that the assumption of normality of the regression residuals is not violated by 
either the Bitterroot or Big Hole use model specifications.
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To check whether the variance is constant, the residuals were plotted against 
the predicted values and also against the values of the independent variable, 
DSCRG, figures D -5  and D - 6 . If the spread of the residuals increases or decreases 
either with the values of the independent variable or with the predicted values, this 
is an indication that the variance is not constant. In the plot of the residuals from 
the Bitterroot model versus the independent variable discharge, DSCRG, there 
appears to be a pattern to the spread of the residuals. This show that there may 
be a violation of the constant variance assumption. The plot of the Big Hole 
residuals versus DSCRG does not seem to violate the assumption of constant 
variance.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure D - 1 : Casewise Plot of Standardized Residuals-Bitterroot
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Figure D -2: Casewise Plot of Standardized ResiduaJs-Big Hole
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Figure D-3: Bitterroot- Histogram Standardized Residual
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Figure D~4: Big Hote-
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Figure D-5: Bitterroot Scatterplots of Residuals
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